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Table 1 Variance analysis of milk- clotting and protease activity (MCA and PA) and MCA/PA ratio of
Rhizomucor miehei extract under different culture condition

Mean of Squares

SOV df MCA PA MCA/PA
Medium (A) 6 318593 17139641 211
Culture time (B) 1 1290.17 2160.63 0.205™
Temperature (C) 2 107.55™ 57.64™ 0.491
AxB 6 318.73" 1926.89"" 0.289"
AXC 12 259.72" 3617.41° 0332
BxC 2 668.82"" 3550.13" 0.303"
AXBxC 12 336.17 5413.60 0.297
Error 84 4331 397.57 0.0552
CV(%) 21.94 12.68 23.04

ns, * and **: Non significant and significant at 5% level of probability and significant at 1% level of probability,
respectively.
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Fig 3 The effect of culture duration on the activity of
of rennin produced by Rhizomucor miehei. Different

letters show significant differences based on
Duncan’s multiple range test (P<0.05).
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Fig 2 Effect of different medium compositions on the
activity of rennin produced by Rhizomucor miehei.
Different letters show significant differences based

on Duncan’s multiple range test (P<0.05).
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Table 2 The effects of different factors on milk-clotting and protease activity (MCA and PA) and
MCA/PA ratio of Rhizomucor miehei extract

%miosture &  Temperature

Culture media Time (day) MCA (S.U.)  PA (Unit/ml) MCA/PA

metal ions (#C)

Solid %35 30 5 44,764 15.88™ 2.91°
Solid %5 30 10 61.25" 28.23™ 2.19%¢
Solid %5 37 5 40.87"F 8.43™ 5.01°
Solid %5 37 10 60.78° 4522 1.34°¢
Solid %5 42 5 39.13°" 82.25* 0.486"™*
Solid %5 42 10 52.19% 94.119 0.571*
Solid %10 30 5 35.72%¢ 195.68¢" 0.188"*
Solid %10 30 10 42.37°° 19.67™ 2.62"
Solid %10 37 5 36.97°" 33.24™ 1.11%
Solid %10 37 10 34.89%¢ 92.88 0.3758*
Solid %10 42 5 33.84%¢ 49.134 0.729°*
Solid %10 42 10 42.9"¢ 111.1 0.394¢*
Solid %20 30 5 36.66°" 32.51™ 1.14%
Solid %20 30 10 23.06%" 29.82'™ 0.815%*
Solid %20 37 5 32.58%" 24.93'™ 1.62°F
Solid %20 37 10 48.88™ 31.28m 1.68"¢
Solid %20 42 5 3227 30.31™ 1.18%"
Solid %20 42 10 13.53" 54,024 0.251"*
Liquid - 30 5 10.02* 220.24¢ 0.071*
Liquid - 30 10 0~ 210.8¢" 0~
Liquid - 37 5 0~ 221.59%¢ 0~
Liquid - 37 10 28.67"" 228.19°¢ 0.123
Liquid - 42 5 15.66" 230.27°¢ 0.068"
Liquid - 42 10 0~ 258.5% 0~
Liquid MgCl, 30 5 32.58%h 264 0.123%
Liquid MgCl, 30 10 36.97°F 223.06"¢ 0.167%
Liquid MgCl, 37 5 31.64%" 300.06° 0.105"
Liquid MgCl, 37 10 33.84%¢ 266.11°¢ 0.149*
Liquid MgCl, 42 5 42.67°° 229.9°¢ 0.246"*
Liquid MgCl, 42 10 41.36"" 246.77"" 0.172"%
Liquid MnCl, 30 5 9.08* 25434 0.047*
Liquid MnCl, 30 10 23.06" 231.98"¢ 0.099*
Liquid MnCl, 37 5 15.66" 269.5%® 0.058*
Liquid MnCl, 37 10 11.9% 251.17°¢ 0.048*
Liquid MnCl, 42 5 20.55M 226.97°¢ 0.090*
Liquid MnCl, 42 10 36.66°" 181.74" 0.202"*
Liquid CuSo, 30 5 11.77% 212.3¢" 0.055
Liquid CuSoy 30 10 30.08°" 248.84%F 0.121%
Liquid CuSoy 37 5 0~ 259.3% 0~
Liquid CuSo, 37 10 43.24"¢ 226.6¢ 0.190"*
Liquid CuSoy 42 5 40.1°* 226.72°¢ 0.176"
Liquid CuSo, 42 10 31.33°" 172.94! 0.181%

* In each column means followed by the same letter are not significantly different based on Duncan’s multiple range

test (P<0.05)
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Rennin produced by Rhizomucor miehei due to the higher milk- clotting activity and heat resistance, and
lower protease activity has been attracted the most attention in cheese production industry in comparison
with other fungal proteases. In this study, the effects of different factors including moisture content of
solid medium (5, 10 and 20 %), culture temperature (30 °C, 37 °C and 42 °C), metal ions (magnesium
chloride, copper sulfate, manganese chloride) in liquid medium and culture period (5 and 10 days) on
production of milk- clotting enzyme in Rhizomucor miehei were investigated. The results showed that
milk- clotting and protease activity, and MCA/PA ratio of Rhizomucor miehei rennin were significantly
influenced by aforementioned factors. The milk- clotting activity and MCA/PA ratio of rennin obtained
from solidified medium were significantly higher than those of liquid medium. Rennin production by
Rhizomucor miehei and its milk- clotting activity was improved by addition of metal ions to the liquid
medium. Among the liquid media, medium containing magnesium chloride led to the higher clotting
activity as compared with media without metal ions and supplemented with copper sulfate and manganese
chloride. The highest milk- clotting activity was achieved on solid medium with 5% moisture content and
10 days culture at 30, 37 or 42 °C, which was significantly higher than that of other treatments.

Keywords: Rennin enzyme, Cheese, Milk- clotting activity, Protease activity

* Corresponding Author E-Mail Address: zaren@uma.ac.ir



