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An internal standard method was previously developed to measure the concentration of a synthetic
bitter peptide, 5-CN f193—209, by matrix-assisted laser desorption/ionization time-of-flight (MALDI-
TOF) mass spectrometry. The objective of this study was to evaluate the relationship between 5-CN
f193—209 concentration in an aqueous extract of aged Cheddar cheese and bitterness intensity of
the cheese. Concentrations of 3-CN f193—209 in cheese extracts were determined by MALDI-TOF
at 0, 120, 180, and 270 days. Trained panels evaluated the bitterness intensity of the cheeses at
180 and 270 days. Correlation coefficients between MALDI and sensory data at 180 and 270 days
were 0.803 and 0.554, respectively. The decreased correlation may be due to the presence of other
bitter peptides more responsible for bitterness at longer aging or the production of compounds that
mask bitterness intensity.
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INTRODUCTION the degradation of bitter peptides from caseins. PepN has
. specificity for peptides containing basic, hydrophobic/uncharged,

Aged Cheddar cheese oﬁen devglops b|ttern¢ss due to theor aromatic residue at the N terminu®).(Additionally, PepC
accumulation of hydrophobic peptides, consisting of23

. . . . specificity also includes acidic residue at the N terminus. PepX
amino acids or in the molecular weight range of 53000 Da pectiiclty e @ au nu P

; . ) . cleaves the N-terminal X-Pro-containin eptide, with the
(1, 2). Bitterness is detected when the concentration of bitter high\ést activity obselrved when X is ;r: Sn(?h(frgljed ov;”a basic
eptide exceeds the detection thresh8)dAlthough bitter taste - . . . . .
E(F:)onsidered a normal component of ():(:éese tgggte(cessive reS|dug. PepX is esgentl_all for the degradation of proline-rich
bitterness may limit consumer acceptance of the chéséle f-casein due to the inability of PepN and PepC to hydrolyze

. - - the N-terminal or penultimate proline residue.
bitter defect must be controlled to increase the marketability of . ) . .
the cheese. Evaluation of bitterness intensity of cheese by sensory panels

According to Lowrie and Lawrencé), lactococeal protein- is subjgctive and Iabor-in@ensi\./@)(AIthough chro.matographic
ases and rennet are responsible for’ the formation of bitteranaIySIS.Of cheese _peptldes ' a use_ful techm@)gs(ample :
peptides from caseins in Cheddar cheese. Fast acid productiorpreloa.ratlon and elution steps can be time-consuming. Hence, It
during cheese manufacture increases rennét retention in the curg deswablg 0 dev_elop a rapld and sensitive quantitative method
and hence increases bitterness (6). Bitter peptides can b or dgtermlnlng_bltter peptlde concentration in cheese._Quan-

i ) i . : Sification of a bitter peptide marker may enable detection of
degraded to nonbitter peptides and amino acids by peptidases

The overall bitterness intensity of cheese depends on the ratet he bitter defect without sensory evaluation.

of formation and degradation of the bitter peptides. Adjunct Matrix-assisted laser desorp’gion/ionization time-of-flight (MAI."
cultures, nonstarter lactic acid bacteria, have been used toP!-TOF) mass spectrometry is commonly used for qualitative
prevent bitterness in Cheddar cheese as well as to shorternalysis of peptides and proteird(-12). Soeryapranata etal.
ripening time and increase cheese flavay. ( (13) reporte_d using an mternal standard for quantitative analysis
of a synthetic bitter peptidg-CN f193—-209, by MALDI-TOF.
Despite poor peak-height reproducibility, the concentration ratio
of synthetics-CN f193—-209 to an internal standard was linearly
correlated to the peak-height ratio obtained from MALDI-TOF
*Author to whom correspondence should be addressed [e-mail gnalysis (13). The sequence SCN f193—209 is YQQPV-
p°¥“§§g,§‘?tmseﬁ‘1'teg;’ ;Fgﬂﬁpgg’;ﬁégofgd3ﬁﬁﬁgﬁ4,;L“;‘,Xitff,?_ 9) 335-4813] LGPVRGPFPIIV. The internal standard developed in that study
* Department of Chemistry. was asparagine (N) substitution for glutamine (Q) at residue

General aminopeptidase (PepN and PepC) and X-prolyl
dipeptidyl aminopeptidase (PepX) are commonly associated with
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195 in theS-CN f193-209. The sensitivity of MALDI-TOF, °C with 1.6 mL of 50 mM Tris-HCI buffer (pH 7.0, Sigma Chemical

in the picomole range, may be useful for early detection of bitter Co., St. Louis, MO) and 0.2 mL of 25 mM lysine- (Lys-) or arginine-
defect in cheese. proline-p-nitroanilide (Arg-Pro-pNa) substrate in methanol for 1 and 2

B-CN £193-209, an important bitter peptide in Gouda cheese, N- Lys-pPNa and Arg-Pro-pNa substrates were used to estimate general
is formed by the action of rennet and lactococcal proteinasesamlnopeptldase and PepX activities, respectively. A blank reaction was

. . . . made up of buffer and substrate. After 1 h, 1 mL of the suspension
on/-casein {2, 14) and is hydrolyzed by intracellular peptidases was transferred to a clean test tube containing 1 mL of 30% (v/v) glacial

from primary and adjunct cultures,(85). The bitter recognition  5cetic acid (3. T. Baker, Phillipsburg, NJ). The enzyme activity was
level of 3-CN f193—209 has been reported to be 0.35 mg/mL  terminated after 2 h using 1 mL of 30% acetic acid. The absorbance
(15). The objective of the current study was to evaluate the was measured at 410 nm. The enzyme activity was calculated on the
relationship betweerg-CN f193—209 concentration in an  basis of the difference between 1 and 2 h absorbance readings.
aqueous extract of aged Cheddar cheese measured by MALDI- Quantification of g-CN f193—209 in Aqueous Cheese Extract.
TOF and bitterness intensity of the aged cheese reported byMALDI-TOF analysis was performed using a PerSeptive Biosystems
sensory evaluation. (Framingham, MA) DE-RP time-of-flight mass spectrometer. The
matrix used for MALDI-TOF analysis was-cyano-4-hydroxycinnamic
acid (Aldrich Chemical Co., Milwaukee, WI). A saturated solution of
MATERIALS AND METHODS matrix was prepared in acetonitrile/water (1:1) containing 0.25% (v/v)
Preparation of Aqueous Cheese ExtractAged Cheddar cheeses  trifluoroacetic acid. The crystal of matrbanalyte was ionized by a
manufactured by Fajarrinil) were the source of aqueous cheese 337-nm nitrogen laser pulse and accelerated under 25000 V before
extracts. The cheeses were made in duplicate using primary cultureentering the time-of-flight mass spectrometer. The instrument was set
alone (three treatments) or in combination with adjunct culture (six in the positive linear mode.
combinations). The primary cultures consisted of mixed strhits Concentrations of3-CN f193—209 in aqueous extracts of aged
tococcus lactisssp. lactis and L. lactis ssp.cremoris (Chris Hansen ~ cheeses at 0, 120, 180, and 270 days of aging were determined using
Laboratories, Milwaukee, W))Xesignated 56, 98, and 105. Primaries an internal standard, synthefieCN f193—209, in which asparagine
56 and 98 are slow acid producers and were expected to producewas substituted for glutamine 195. The aqueous extract of aged cheese
nonbitter cheeses (17). Primary 105 is a fast acid producer and morewas mixed with the internal standard at a volume ratio that would fit
likely to develop bitterness. The adjunct cultures weaetobacillus the range of peak-height ratio in a calibration curve, which was
helveticusstrains WSU19 (WSU Creamery, Pullman, WA) and W900R  constructed following the procedure of Soeryapranata et 8). (The
(Waterford Foods Inc., Millville, UT), which represent adjunct culture mixture of cheese extract and internal standard was diluted with

having high and low debittering activity, respectively6( 18). The saturated matrix solution to a constant final volume (4Q. One
cheeses (14.5 cm in diameter and 4.5 cm in thickness) were aged at 7microliter of the mixture of cheese extract, internal standard, and matrix
°C for up to 270 days. was spotted on the sample plate and allowed to air-dry before MALDI-

Aqueous extract of the aged Cheddar cheese was prepared accordind OF analysis. Each replicate of the cheese extract was analyzed 10
to the method of Kuchroo and Fox (19). Grated Cheddar cheese (20 g)times to obtain the average peak-height ratig3e€N f193—209 to
was blended with water (40 g) in a stomacher (Seward Laboratory, internal standard. The concentration I'ati(ﬁ({ﬂ:N f193-209 to internal
London, U.K.) for 10 min and incubated in a 46 water bath for 60 standard was calculated using the calibration curve equation
min. The mixture was centrifuged for 30 min (3@pat 4 °C) using a
Beckman J2-HS centrifuge (Beckman Instruments, Palo Alto, CA). y [+ 0.03]= [1.20 (+£0.03)]x+ [0.01 (+0.02)]
Supernatant was filtered through glass wool and stored7& °C. ] ) ) )

Cheese AnalysisAnalyses of cheese components (pH, moisture, Wherey andx are peak-height ratio and concentration ratigieEN
protein, salt and fat contents) were conducted the day after the cheesd193—209 to internal standard, respectively. Conversion frdmmolar
was made 16). Enumeration of the primary culture population was concentration off-CN f193—209 was obtained from
conducted on LM17 medium at each sampling time (16).

Sensory Analysis of Aged Chees&ensory analysis of the bitterness [5-CN f193—209]= (x)

intensity of the aged cheeses was done using six trained pangts ( (volume ratio of internal standard/cheese extract)

The panelists were selected from 25 candidates on the basis of low [internal standard]
variability (low mean square error) and high sensitivity (higkalue)

to bitterness at a 0.05 significance level. Glycyleucine solution where the internal standard concentration is 76M. Regression

(Sigma Chemical Co., St. Louis, MO) was used as bitter reference analysis was performed to establish the correlation between MALDI-
because this bitter peptide was judged to represent the bitterness ofTfOF and sensory data. The correlation coefficient, determined as the
casein hydrolysates (20). Pearson correlation coefficient, was analyzed at a 0.05 significance
After 180 and 270 days of aging, the middle portions of the aged level.
cheeses (two replicates) were cut into 2.2.5 x 3.75 cm pieces and
randomly coded using a three-digit number. The freshly cut cheese RESULTS AND DISCUSSION
was placed into Solo souffle containers (Urbana, IL) and immediately . .
covered with lids to avoid drying. The cheese samples were completely Per_centages (wwb) of moisture, salt, protein, and fat of the
randomized when presented to the panelists. The trained panelists taste§XPerimental cheeses were 34410.67, 1.67+ 0.13, 25.59
three cheese samples per tasting session and rated the perceivegs 0.42, and 34.31 0.48, respectively. The pH of the cheeses
bitterness intensity using a5 cm unstructured line scale. The data was 5.06t 0.05. Analyses of the cheese components were done
are reported as centimeters<Udow bitterness, 15= extremely bitter). the day after the cheese was made. The composition of the
The whole study (duplicate treatments of nine cheeses, duplicate tastingsexperimental cheeses was similar to that of typical commercial
per treatment) required 12 tasting sessions. Sensory data were analyzegtheddar cheeses (23).

in a randomized complete block design with a two-way treatment  Tgple 1shows concentrations BECN 193209 in aqueous
structure (primary and adjunct) at a 0.05 significance level, extracts of Cheddar cheese measured by MALDI-TOF mass
Aminopeptidase Activity of CheeseCheese samples were prepared g0 o metry. [Please note that the bitter recognition threshold

according to the method of Weimer et &1J, and the aminopeptidase B . .
(AP) activity was assayed according to the procedure of Pallavicini et of 5-CN 193209 reported by Koka and Weimé5) is 0.35

al. (22), with modifications. Aged Cheddar cheese (2 g) was mixed Mg/ML, equivalent to 18@M. In our study, the5-CN f193—
with 18 mL of citrate buffer (2% trisodium citrate, pH 7.0, 40) for 209 concentration in the aqueous extract of cheese has been

2 min in a stomacher. The suspension (15 mL) was centrifuged for 30 diluted 1:3 due to the addition of 2 parts of water to 1 part of
min (31000gat 4 °C). The supernatant (0.2 mL) was incubated at 37 cheese when the extract was prepared.] At 180 and 270 days,
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Table 1. Concentration of 3-CN f193—-209 (Micromolar) in Aqueous
Extracts of Cheddar Cheese during Aging Measured by MALDI-TOF
Mass Spectrometry?

Soeryapranata et al.

coccus cremoristrain HP, which has aRype CEP, based on
the activity onos-, -, andk-casein substrates. Broadbent et
al. (12) confirmed the production gfCN f193—209 usind_c.
lactis starter with group h CEP specificity, determined from

aging time the substrate binding region and activity og-CN f1—23.

cheese 0 days 120 days 180 days 270 days However, the current study does not further characterize the
56 748 +52lacd 30.06+1.27d 55.73+3.00e 54.68+ 1.20d type of CEP of the primary cultures.
56-W900R ~ 542+0.19ab 27.83+443d 2208+124d  41.40+7.00d Lb. hebeticusW900R and WSU19 represent adjunct cultures
S56-WSULS  590+141ab  826+477c  1552+227cd 10.20:+520c having low and high aminopeptidase (AP) activity, respectively
98 322+258hd 79.12+1165a 108.32+2.27a 87.92+10.71b (18). The use of either WO0OR or WSU19 adjunct culture
gg:wg‘gﬂ% ‘1‘;2 * géggc 52-%‘ : é%ggb iggg £ ;?igd ‘Iggg : éog-g‘c‘d generally decreased the concentratiof-GN f193—209 in the

U R R DA cheese extracts (Table 1). However, concentrationg-a@iN

105 1017 +2.96a 60.23+6.73b 7478 £5.70b 130.44 +4.12a f193—209 in the extracts of cheeses made with adjunct W900R

105-W900R 8.89 +0.35ac 53.80 +5.30b
105-WSU19 3.88+0.20bc  7.32 +6.92¢

72.61+9.40b  76.32 £2.68b

were not always significantly lower than in cheeses made with
548+552c  8.79+9.54c

primary culture alone. In contrast, the use of WSU19 markedly
decreased the concentration/BCN f193—209, regardless of

the type of primary culture. Cheeses made with adjunct WSU19
were perceived to be less bitter than the corresponding cheeses

the concentrations gf-CN f193-209 in the extracts of cheeses Made with adjunct W900R (Figure 1).
made with primary 56 alone were significantly lower than in ~ Figure 2 illustrates general AP activities in cheese during
the extracts of cheeses made with primary 98 or 105 alone aging, measured using Lys-pNa substrate. Cheeses made with
(Table 1), in agreement with bitterness intensities of the cheeses primary culture alone showed an increase in general AP activity
(Figure 1). With the exception of primary 98, the trend#rCN during aging Figure 2a). Primary 56 cheeses had higher general
£193—209 concentration (Table 1) was in agreement with the AP activity than primary 98 or 105 cheeses. The general AP
expected propensity of primary culture to develop bitterness activity of primary 56 likely relates to the lower accumulation
based on the rate of acid productidi¥}. The concentration of ~ 0f 8-CN 193—209 in primary 56 cheese than in primary 98 or
B-CN f193—209 in the aqueous extract of cheese made with 105 cheese. The addition of adjunct W900R did not markedly
primary 98 alone was significantly higher at 120 and 180 days increase AP activity in cheese (Figure 2b), which might explain
of aging than in the extract of cheese made with primary 105 the relatively small differences betweg#tCN f193—209
(Table 1). In agreement witFigure 1, these data indicate that ~ concentrations in cheeses made with primary alone and with
primary 98 is a bitter cheese producer, in contrast to the adjunct WO0O0R. In contrast, adjunct WSU19 markedly increased
prediction based on the rate of acid production. The sensory AP activity in cheese (Figure 2b).
data imply thap3-CN f193—209 concentration is more accurate Figure 3 presents PepX activities in cheese during aging,
than fast/slow acid production in categorizing bitter/nonbitter measured using Arg-Pro-pNa substrate. In contrast to the general
primary culture. AP activity, the primary 56, 98, and 105 cheeses showed a
The accumulation of-CN f193—209 in cheeses made with  decrease in PepX activity during agirfgigure 3a). The addition
primary cultures alone might be associated with the type of cell of adjunct WO00R did not markedly increase PepX activity in
envelope proteinase (CEP) possessed by the primary culturesheese. The trends of PepX activities in cheeses made with
or the ability of peptidases of the cultures to break down the adjunct WSU19 were similar to the corresponding general AP
B-CN f193—2009. Visser et al. (124) reported the production  activities (Figure 3b). Relationships ¢f-CN f193—209 con-
of 5-CN f193—209 in Gouda-type cheeses made \@trepto- centration and peptidase activities are showFigures 4and

2@ Data are the average of duplicate cheeses. Means in a column followed by
the same letter are not significantly different (p < 0.05) using Fisher's LSD analysis.

14 -

12 4

bed bed

Bitterness Intensity (cm)

T T

56-W900R 56-WSU19 98

98-W900R 98-WSUL9 105

Cheese

Figure 1. Bitterness intensity (cm) of cheese at 180 and 270 days (0 = low bitterness, 15 = high bitterness). Values in a given aging time followed
by the same letter are not significantly different (p < 0.05). Vertical bars indicate standard deviation.
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105-W900R 105-WSU19
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. . . . . Figure 3. PepX activity («M/h/20 mg of cheese) in cheese as a function
F;\gure z Gfe ne;al aTlnqpep?|da§e act;:/ 1ty (‘“M/hézo Tr? of Chees? n of aging time: (a) cheeses made with primary culture alone; (b) cheeses
Cl ees.e ES ah unction 0 dagln%hlme. (:()j.g ees;as;_wa etW| " pnmé\ry ; u U.ri made with the addition of adjunct culture. Each point represents an average
alone; (b) cheeses made wi 1 he addition ot acjunct culture. Each poin of duplicate cheeses. Vertical bars indicate standard deviation.
represents an average of duplicate cheeses. Vertical bars indicate standard

deviation. 140 -
5. The correlation coefficients betwegrCN f193—209 con- 120 A iiu,’ﬂod J
centration and general AP activity at 180 and 270 days of aging . ° T
were —0.8320 and—-0.8223, respectively, which were greater % 100 1 )
than the correlation coefficients fgrCN f193—-209 concentra- = .
tion and PepX activity at the same aging time. The results of & 3
this study were also in agreement with a previous study reported § 60 .
by Baankreis (25), who demonstrated an increasing bitternessz tne
in cheese made with PepN negative mutants, whereas cheesea 4, o ”u ¢
made with PepX negative mutants exhibited no increase in R = 0.8320
bitterness. 20 A hd . -

Besides peptidase activity, the accumulatiof-@EZN f193— o e .
209 during aging might relate to the relative susceptibility of 0 ‘ ' ‘ ‘ s I
the culture cells to lysis. Kunji et al.26) reported that the 0 10 20 30 40 50 60 70

oligopeptide transporter df. lactis does not transport the 193 AP activity (WM/h/20 mg cheese)

209 fragment of3-casein into the cells of the culture. Because Figure 4. Correlation between S-CN f193-209 concentration in the

the breakdown of;-CN f193—209 primarily results from the  aqueous extract of cheese and general aminopeptidase activity in cheese
action of intracellular peptidases, cell lysis is important for at 180 days (M) and 270 days (C).

breakdown of the peptide. In our study, cheeses made with

primary 105 had the largest viable cell density throughout aging colony-forming units (CFU)/g, respectively, whereas populations
regardless of the type of adjunct culture, whereas the cell densityat 270 days were 4.6& 0.99, 3.46+ 0.22, and 6.7# 0.48

of primary 56 and 98 cheeses decreased rapidly during ripening.log CFU/g, respectively. Adjunct WO00R has been reported to
The populations of primaries 56, 98, and 105 in the cheeses athave a greater viable cell number compared to WSU19
day O were 7.69t 0.55, 7.40+ 0.54, and 8.7 0.12 log throughout aging, irrespective of the type of primary culture
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agueous extract of cheese and PepX activity in cheese at 180 days (M)
and 270 days (O).
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Figure 6. Correlation between bitterness intensity of cheese and 5-CN
f193-209 concentration in the aqueous extract of cheese at 180 days
(m) and 270 days (O).

(16). In this study, the low susceptibility of primary 105 to lysis

as compared to primaries 56 and 98 might explain the increase

of 5-CN f193—209 concentration in cheese made with primary
105 alone throughout aging. The low rate of cell lysis would

prevent the release of intracellular peptidase that would produce

smaller peptide fragments froftCN f193—2009.
The concentration gf-CN f193—209 in cheese extract was
significantly correlated to the bitterness intensity of chegse (

< 0.05). The correlation coefficients at 180 and 270 days aging

were 0.8030 and 0.5541, respectivaiygure 6). The relation-
ship of 5-CN f193—209 concentration and bitterness intensity

is weaker as the aging time progresses, probably due to the
presence of other bitter peptides more responsible for bitterness

Soeryapranata et al.
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