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ABSTRACT

An attempt has been made to evaluate 11 strains of Penicillium roqueforti for
their proteolytic and lipolytic activity as well as their development of blue
cheese flavour in an aseptic curd model.

Aseptic curds made from either fresh cow’s milk or recombined milk were
individually inoculated with each examined strain of P. roqueforti and
incubated at 25°C for 21 days.

Inoculation of aseptic curds with each of the tested strains showed
remarkable variation in their proteolytic and lipolytic activity at the various
stages of incubation. P. roqueforti strain 6829 Wiesby and P. roqueforti strain
IMI 173224 each showed higher proteolytic and lipolytic activities than the
other examined strains.

Water-soluble nitrogen, 12% TCA-soluble nitrogen, 5% PTA-soluble
nitrogen and Total Volatile Fatty Acids, in aseptic curds individually
inoculated with the 11 examined strains, all increased during incubation. The
levels of these compounds were higher with the P. roqueforti strains 6829
Wiesby and IMI 173224 than the others.

Sensory evaluation showed that P. roqueforti strain 6829 Wiesby and P.
roqueforti strain IMT 173224 developed typical blue cheese flavour after 14
and 16 days of incubation, respectively.

INTRODUCTION

Penicillium roqueforti cultures are selected strains of moulds essentially

added either to cheese milk or curd in the manufacture of blue cheese to

bring about casein breakdown and fat hydrolysis which leads to the
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development of the unique flavour of the final product. These changes are
mainly due to the proteolytic and lipolytic action of the proteinases and
lipases produced by P. roqueforti.

Several investigators have studied the proteolytic and lipolytic activities
of different strains of P. roqueforti. They have shown that the examined
strains have a wide range of both proteolytic and lipolytic activities. Most of
these studies have shown that the use of P. roqueforti strains having
moderate proteolytic and high lipolytic activities seemed to be most suitable
for successful blue cheese manufacture (Niki ef al., 1966; Sato et al., 1966;
Lambert & Lenoir, 1972; Stepaniak & Habaj, 1972; Stepaniak et al., 1974
and Mosashvili et al., 1978). Therefore the present work was carried out to
evaluate the proteolytic and lipolytic activities of 11 imported strains of P.
roqueforti to select the most suitable strains for blue cheese making.

MATERIALS AND METHODS
Milk
Fresh cow’s milk used in blue cheese curd making was obtained from the

Misr Milk and Food Company, Mansoura, Egypt.
Low-heat, non-fat dry milk, produced in 1984 in the USA, was obtained

from the Misr Milk and Food Company, Mansoura.
Butter oil

Anhydrous milk fat was obtained from the Misr Milk and Food Company,
Mansoura, produced in the USA in 1985.

Rennet

A rennet powder, Chr. Hansen’s Hala, Copenhagen, was used for making
the aseptic curds.

Penicillium roqueforti strains
The following 11 strains of P. roqueforti were evaluated.

1. P. roqueforti 6829 Wiesby Laboratorium
Wiesby GmbH Co.
2. Blue mould Chr. Hansens Laboratorium A/S,

Sankt Annae Plads 3DK—1250,
Copenhagen K, Denmark.
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3. P.roqueforti Chr. Hansen’s Laboratorium A/S,
(Danablu Schimmel) Sankt Annae Plads 3 DK—1250,
Copenhagen K, Denmark.
4.  P. roqueforti S. VEB Ostra-8020, Dresden, DDR.
5. P. roqueforti PRB 15 Lactolaba, Italy.
6. P. roqueforti Cultura selezionata Ceppa,
Cepp NG.N. Italy.

7. P. roqueforti IMI 24313 On slant agar.

8.  P. roqueforti IMI 92261 On slant agar.

9.  P.roqueforti IMI 173224  Freeze dried ampoul.
0. P.roqueforti IMI 148775  Freeze dried ampoul.
1.  P. roqueforti IMI 129207  Freeze dried vial.

Preparation of P. roqueforti inoculum
P. roqueforti spores were grown in a sterilized culture medium according to
Pitt (1979) as follows:

malt extract 20¢g
peptone ig
glucose 20¢g
distilled water 1000 g

pH of the medium was adjusted to 5-4 and 20 ml of the medium were
transferred into 100 ml conical flasks and autoclaved at 121°C for 8 min. The
medium was inoculated with P. roqueforti spores and incubated at 25°C for 7
days without shaking (until a thick coat of green spores on the surface of the
medium was completed). A loop of each mat of each strain was aseptically
transferred to a one litre flask containing 100ml of malt extract broth
medium and incubated at 25°C for 7 days according to King and Clegg
(1979).

Preparation of aseptic curd

Fresh cow’s milk containing 4% fat or recombined milk of 4% fat and 10%
non-fat solids was pasteurized at 71°C/15s, then cooled to 30°C. The milk
was acidified with lactic acid (80% v/v) to bring the pH of the milk to about
5-2. The milk was then renneted with 1% Hansen’s rennet solution at a rate
of 6 ml/10 kg milk. After complete coagulation, the curd was cut and drained
using cheese cloth for 12 h without pressing until the curd contained about
60% moisture (King & Clegg, 1979).

The resultant curd from each type of milk was divided into nine equal
parts (500 g). Each part was transferred into a one litre flask containing 20 g
NaCl. The curd was well mixed with the salt and autoclaved for 8 min at
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115°C. After cooling to room temperature, each flask was aseptically
inoculated with P. roqueforti strain mycelium at a ratio of 0-5%, shaken well
and incubated at 25°C for 21 days with occasional shaking. The same steps
were carried out for each examined strain. All experiments were conducted
in triplicate.

Samples of inoculated curd were taken periodically when fresh and after
3,5,7,9,11, 14, 16, 18 and 21 days of incubation at 25°C, respectively. These
samples were organoleptically examined and chemically analysed.

Sensory evaluation

Each inoculated curd was organoleptically examined for its flavour intensity
using a scale from zero to 8 as suggested by King and Clegg (1979).

Chemical analysis

Samples of inoculated curds were periodically analysed for total N, water-
soluble nitrogen (WSN) and 12% TCA-soluble nitrogen as described by
Ling (1963). The 5% PTA-soluble nitrogen was determined by Stadhouders
(1959) method. The pH of cheese curd samples was measured by the method
described by Godinho and Fox (1982) using a Scott Gerdte (SGH) pH meter
GG 811. Total Volatile Fatty Acids were determined according to
Kosikowski (1978).

RESULTS AND DISCUSSION
Changes in pH

Table 1 shows the changes in pH values of aseptic curd made from either
fresh cow’s milk or recombined milk inoculated with different strains of P.
roqueforti and incubated at 25°C for 21 days.

Results show that the pHs of aseptic curds made from fresh cow’s milk or
recombined milk without mould (fresh curd) were nearly the same (5-15 and
5-25, respectively).

The pH changed little during the first 3 days of incubation. Between the 7th
and 21st days, the pHs of all aseptic curds, made from either fresh milk or
recombined milk individually inoculated with the tested strains of P.
roqueforti, increased but at somewhat different rates. Generally the pH
increased rapidly at this stage of incubation with all examined strains. These
results clearly indicated that the type of strain had a remarkable effect on the
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TABLE 1
Changesin pH of Aseptic Curd Inoculated with Different P. rogueforti Strains
during Incubation at 25°C

P. roqueforti strain Type Incubation period (days)

of
curd 0 3 742

515 525 580 630 666

German Wiesby, 6829
: 525 535 560 623 656

Danish, I 515 535 550 580 632
525 533 549 573 612
Danish, 11 515 530 550 580 620
525 543 550 567 615
German, S 515 525 560 580 650

525 530 556 567 640
515 527 550 595 610
525 526 598 590 591
515 520 540 600 615
525 527 543 615 616

Italian PRB 15

Italian Cepp

IMI 24313 515 520 530 540 550
525 528 535 535 544
IMI 92261 515 530 555 580 630
525 527 570 586 625
IMI 173224 515 532 580 610 625
525 529 55 658 618
IMI 148775 515 527 555 570 580
525 533 551 573 549
IMI 129207 515 530 3550 570 590

AmMAIAMATMAOATMATMAMATAMATAMAT

525 534 546 565 582

F, fresh cow’s milk; R, recombined milk.

pH of both types of curd, but the type of milk used in preparing the curd did
not affect the pH.

The increase in the pH of aseptic curd could be explained on the basis that
deamination of amino acids and metabolism of organic acids leads to the
accumulation of NH; with a rise in pH (El-Soda et al., 1977; Godinho &
Fox, 1982).

Protein breakdown

Protein breakdown was measured by estimation of nitrogenous compounds
soluble in water (WSN), in 12% trichloroacetic acid (TCA-soluble N) and in
5% phosphotungstic (PTA-soluble N). The nitrogen in each fraction is
expressed as a percentage of total nitrogen (TN). These ripening indices were
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chosen for assessment of casein degradation in aseptic curds inoculated with
eleven P. roqueforti strains during incubation at 25°C for 21 days.

Formation of WSN compounds

Table 2 shows the changes in the levels of WSN in aseptic curd made from
either fresh cow’s milk or recombined milk inoculated with various P.
roqueforti strains and incubated at 25°C for 21 days.

The formation of water-soluble nitrogen (WSN) compounds in both types
of aseptic curd individually inoculated with the eleven examined strains of P.
roqueforti increased gradually up to the 14th day of incubation, then these
compounds intensively increased with progressive incubation reaching their
maximum concentrations at the end of incubation time.

Aseptic curds inoculated with P. roqueforti strain 6829 Wiesby and P.

TABLE 2
Changes in Water-Soluble N (% of TN) of Aseptic Curd Inoculated with Different Strains of
P. roqueforti during Incubation at 25°C

P. roqueforti strain ~ Type Incubation period (days)

of
curd 0 3 5 7 9 11 4 16 18 21

893 109 151 2211 32:6 5596 581 634 671 730
892 153 258 352 488 5189 523 624 706 753

German Wiesby, 6829

Danish, | 893 124 149 221 278 3871 47-7 482 509 545
892 142 192 191 266 32:97 357 434 500 565
Danish, I 893 126 132 258 265 3491 459 476 501 533
892 163 217 253 289 3140 379 540 565 596
German, S 893 148 160 272 31-5 3971 463 482 560 618

892 151 259 276 392 4149 514 593 599 645
893 130 212 274 342 43-94 465 516 540 553
892 176 191 225 32-5 3374 354 500 528 572
893 11-8 200 277 31-0 3315 391 416 455 507
892 117 224 272 328 3806 466 504 53-8 563

Italian PRB 15

Italian Cepp

IMI 24313 913 134 2031 284 33-5 3831 47-5 50-3 5234 559
892 150 1833 236 258 3705 404 509 53-7 580
IMI 92261 913 13-6 17-60 241 296 3732 464 517 570 580
892 11-7 1544 300 33-5 4832 52-7 590 619 641
IMI 173224 913 160 2327 357 47-8 5299 59-0 673 709 72:6
892 132 2689 32-6 376 4831 536 641 688 714
IMI 148775 913 13-6 2003 251 381 4776 506 582 605 634
892 12:1 1531 167 239 2959 449 472 530 63-2
IMI 129207 913 13-8 2554 280 387 5475 571 60-8 667 688

ATMAMATMAMAMATAMAMATMAMIET

892 161 260 263 420 5059 562 629 663 675

F, fresh cow’s milk; R, recombined millz.
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roqueforti strain IMI 173224 had the highest concentrations of soluble
nitrogenous compounds at each stage of the incubation period compared
with the other examined strains.

It was also noticed that the behaviour of each strain in both types of
aseptic curd was almost the same.

Formation of 12% TCA and 5% PTA-soluble nitrogen

Changes in 12% TCA-soluble nitrogen as a percentage of TN in all aseptic
curds inoculated with the eleven examined strains of P. roqueforti and
incubated at 25°C for 21 days are presented in Table 3.

The levels of 12% TCA-soluble nitrogen in both types of aseptic curd
inoculated with the different strains intensively increased during the
incubation period reaching their maximum concentration after 21 days. P.

TABLE 3
Changes in 12% TCA-Soluble N (% of TN) of Aseptic Curd Inoculated with Different
Strains of P. roqueforti during Incubation at 25°C

P. roqueforti strain Type Incubation period (days)

of
curd 1 3 5 7 9 11 14 16 18 21

German Wiesby, 6829 619 995 108 12447 255 40-71 42:0 455 486 523

589 604 161 1760 292 3853 39-5 449 51-0 529

Danish, 1 619 104 110 1553 187 2583 293 26-5 38-7 384
589 605 998 1490 18-8 19-83 235 27-1 280 303
Danish, 11 619 991 991 1920 214 2510 33-6 369 386 399
589 740 895 1637 194 21-85 26:6 26:6 300 314
German, S 619 105 108 1545 20-6 21-52 300 345 39-7 444

589 710 147 1787 252 3688 382 44-5 458 467
619 991 168 1682 225 30-54 329 37-1 400 407
589 629 890 1090 19-1 2269 258 263 280 365
619 908 135 1452 159 18-89 250 281 28-7 31-1
589 675 148 1773 181 1988 21.0 22:0 255 363

Italian PRB 15

Italian Cepp

IMI 24313 7-53 798 898 1463 20-1 22-84 284 315 360 39-6
589 615 114 1226 131 2574 311 384 399 41-1
IMI 92261 7-53 838 123 1426 146 27-36 32:3 351 385 40-8
589 802 114 1993 21-6 27-61 360 39-7 405 41-8
IMI 173224 753 930 13-8 1999 31-0 3537 406 457 49-7 524
589 693 149 2539 254 3568 385 463 50-1 51-3
IMI 148775 753 942 122 1711 276 36:12 41-3 455 465 500
589 583 848 848 191 2196 327 33-9 394 49-5
IMI 129207 753 916 121 1636 270 32-33 354 421 50-2 515

AMA@TMAMAMAMAEMAIAMAMA T T

589 128 187 1889 31-2 3565 402 44-1 479 49-7

F, fresh cow’s milk, R, recombined milk.
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roqueforti strains differed markedly in their proteolytic activity as shown in
Table 3. On the other hand, P. roqueforti strain 6829 Wiesby and P.
roquefortistrain IMI 173224 showed the highest levels of 12% TCA-soluble
nitrogen in both types of curd compared with the other tested strains.
Penicillium rogueforti Danish I and IMI 24313 produced the lowest levels of
12% TCA-soluble nitrogen, indicating lower proteolytic activity than the
other tested strains of P. roqueforti. The increased formation of 12% TCA-
soluble N during the incubation at 25°C could be attributed to the
proteinases produced by P. roqueforti. The results agree with those obtained
by Gripon and Lebars (1978). PTA-soluble N results showed a trend
similar to 12% TCA-soluble nitrogen (Table 4).

Fat hydrolysis

Total Volatile Fatty Acids (VFA)
The accumulation of Volatile Fatty Acids (VFA) was taken as a

. TABLE 4
Changes in 5% PTA-Soluble N (% of TN) of Aseptic Curd Inoculated with Different Strains
of P. roqueforti during Incubation at 25°C

P. roqueforti strain Type Incubation period (days)

of
cwd 0 3 5 7 9 Il 14 16 18 21

019 090 1-70 2468 441 782 114 130 140 144
0-25 375 656 720 860 104 108 128 165 169
019 089 134 239 262 394 520 638 661 777
0-25 170 2:66 362 562 711 745 782 843 100
019 135 165 1-71 348 409 503 7-38 893 101
025 290 290 329 398 436 509 790 8-51 11
0-19 249 373 406 1020 120 122 21-5 133 135
025 365 486 559 1186 122 125 127 143 145
0-19 225 528 653 902 102 114 121 125 126
025 108 340 460 490 698 830 105 127 145

German Wiesby, 6829 F
R
F
R
F
R
F
R
F
R

Italian Cepp F 019 091 175 254 537 629 744 879 943 115
R
F
R
F
R
F
R
F
R
F
R

Danish, 1
Danish, II
German, S

Italian PRB 15

0-25 219 540 676 1069 120 132 141 150 157
0-18 407 543 755 796 949 116 125 127 139
0-25 073 315 395 458 543 633 827 1111 140
0-18 2:82 3-62 434 458 624 960 130 147 153
025 122 292 460 593 11’5 136 139 150 163
0-18 3-18 674 7-58 913 120 129 146 150 160
0-25 263 478 536 688 102 331 161 168 168
018 276 3:56 533 771 944 104 107 119 122
025 121 242 266 360 600 103 107 116 125
010 316 488 563 630 909 11-1 123 130 136
0-25 266 4-36 502 884 110 123 126 133 1438

IMI 24313

IMI 92261 |
IMI 173224
IMI 148775

IMI 129207

F, fresh cow’s milk; R, recombined milk.
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measurement for assessment of lipolytic action of P. roqueforti strains on the
fat of aseptic curds made from either fresh cow’s milk or recombined milk
and incubated at 25°C for 21 days.

Table 5 shows the changes in Volatile Free Fatty Acids of aseptic curds
inoculated with P. roqueforti strains during incubation at 25°C.

Results indicate that the VFAs in all examined strains of P. roqueforti
increased gradually during incubation in both types of curd and reached their
maxima after 14 days of incubation, while after 16 days of incubation the
concentrations of VFAs decreased slightly until the end of the incubation
period for all examined strains. In addition, VFAs produced by P. roqueforti
strain 6829 Wiesby and P. roqueforti IMI 173224 were higher than those
produced by the other examined strains in both types of aseptic curd at each
incubation period. They showed the highest levels of Total Volatile Fatty
Acids at the end of the 14th day of incubation.

The decreased levels of Free Volatile Fatty Acids could be attributed to

TABLE 5
Changes in Total Volatile Fatty Acid Content (ml 0-1 n NaOH/100g) of Aseptic Curd
Inoculated with Industrial Strains of P. roqueforti during Incubation at 25°C

P. roqueforti strain Type Incubation period (days)

of
curd 0 3 5 7 9 1 14 16 18 2

German Wiesby, 6829 120 145 187 318 350 38t 385 378 360 355

152 175 217 284 342 379 402 398 365 358

Danish, I 120 128 138 175 232 280 318 328 312 307
152 159 168 209 269 314 340 325 320 3034
Danish, 11 120 130 145 201 282 3146 332 340 341 338
152 165 173 232 315 340 364 372 354 332
German S 120 130 141 192 258 284 312 317 31:0 298

152 160 172 21-3 289 314 345 350 341 320
120 129 142 155 219 250 280 312 309 295
152 158 170 189 245 285 320 340 307 302
120 131 142 169 226 265 31-1 321 317 304
152 160 172 198 250 290 342 350 320 319

Italian PRB 15

Italian Cepp

IMI 24313 122 135 146 182 282 315 329 330 320 314
152 160 170 21-4 30-2 340 355 350 340 324
IMI 92261 122 128 136 156 21-6 240 289 322 304 301
152 157 164 183 240 263 310 332 315 302
IMI 173224 122 139 180 242 311 354 370 370 365 360
152 168 209 265 334 382 400 388 370 362
IMI 148775 122 164 171 218 284 336 354 370 361 342
152 180 198 247 320 362 382 390 369 340
IMI 129207 122 130 142 160 21-0 243 287 316 305 292

AMAMAMAIAMAMAMATMOITMATATXT

152 158 168 186 242 270 312 334 320 307

F, Fresh cow’s milk; R, recombined milk.
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their conversion to carbonyl compounds (Harte & Stein, 1977; King &
Clegg, 1979; Godinho & Fox, 1981).

Flavour intensity

Table 6 shows that the curd model inoculated with P. roqueforti strains at
different stages of incubation revealed a significant influence of strain type
on the development of typical blue cheese flavour. P. rogueforti strain 6829
Wiesby and IMI 173224 developed typical blue cheese flavour in both types
of aseptic curd made from either fresh cow’s milk or recombined milk after 7
and 14 days of incubation at 25°C, respectively.

Both types of aseptic curd separately inoculated with the other strains
showed satisfactory blue cheese flavour after 14 and 16 days of incubation.
This was more pronounced with P. roqueforti S and Danish blue mould II
than the other tested strains. The score points of flavour intensity of both

TABLE 6
Development of Blue Cheese Flavour (score out of 8 points) in Aseptic Curd Inoculated with
Different Strains of P. roqueforti During Incubation at 25°C

P. roqueforti strain Type Incubation period (days)

of
curd 3 5 7 11 14 16 18 2

35 50 64 73 77 75 62 50
32 48 62 69 77 7174 60 42

German Wiesby, 6829

Danish, [ 30 45 59 62 70 73 65 42
29 42 58 64 68 71 63 43
Danish, 11 32 46 58 66 70 713 63 42
29 44 59 65 69 73 63 44
German, S 32 46 57 63 71 7-5 52 47

30 45 58 64 69 75 50 43
32 39 42 59 60 69 59 46
28 39 40 58 62 66 56 43
25 38 43 62 65 68 60 52
27 38 42 61 64 68 57 45

Italian PRB 15

Italian Cepp

IMI 24313 25 36 49 53 65 67 55 43
25 35 48 52 63 65 55 42
IMI 92261 28 36 49 57 68 68 54 45
27 35 48 53 64 66 53 44
IMI 173224 32 48 62 67 712 75 58 48
30 45 60 65 69 72 55 45
IMI 148775 29 38 48 53 62 68 55 45
26 34 45 49 58 65 52 41
IMI 129207 32 39 48 52 62 69 58 49

AMATMAMATMAMATMAOAMAMATOTMAT

26 35 46 49 58 65 537 42

F, fresh cow’s milk; R, recombined milk.
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types of aseptic curd inoculated with different P. roqueforti strains increased
gradually during incubation up to 16 days, then decreased gradually during
incubation. The formation of typical blue cheese flavour developed by both
P. roqueforti 6829 Wiesby and IMI 173224 may be due to the formation of
soluble nitrogenous compounds and free fatty acids as well as methyl
ketones resulting from the action of proteinases and lipases produced by P.
roqueforti.

Prolongation of the incubation period resulted in atypical blue cheese
flavour. This could be attributed to the intensive proteolysis suffered by the
examined strains. Thus, the type of strain had a significant influence on the
development of blue cheese flavour.

In addition, the type of milk used for preparing the curd did not
significantly affect the flavour intensity.

In conclusion, P. roqueforti strain 6829 Wiesby and P. roqueforti strain
IMI 173224 could be recommended for use in the production of blue cheese.

The behaviour of the above mentioned strains of P. roqueforti in
commercial cheese curd is the subject of further investigation.
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