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QUESTION 1 [COMPULSORY]

(2) Canned food is thermally treated in a sterilizer whose processing temperature is
135°C. If the initial microbial load is 1000 CFU/container and it is desired to reduce it
to 107° CFU/container, calculate the processing time. The target microorganism for
this thermal process has a decimal reduction time of 3 min for a reference temperature
of 121°C, and to reduce the process time to the tenth part (reduce by 90%) it is
required to increase the temperature by 10°C. ( j, = 2, f, = 35, Initial product
temperature is 25 °C). (15 Marks)

(b) Orange juice flowing through a pipe at a rate of 30 kg/min is sweetened by adding
concentrated sugar solution (30 % sugar) to the pipe line at constant rate. At what rate
would the concentrated sugar solution be added to provide 10% sugar in the product?

(10 Marks)

(c) The wall of a cold store is made of concrete lined with insulator. The temperature of
the inner wall surface is 5°C and that of the outer surface is 25°C. The thickness of the
concrete layer is 10 cm and the thickness of the insulation is 8§ cm. The thermal
conductivity of concrete and the insulator is 1.5 W/m°C and 0.056 W/m°C
respectively, Calculate the total resistance of the wall to heat transfer and the heat
transfer losses through the wall if the wall area is 16 m’. (15 Marks)

[TOTAL MARKS = 40]

UESTION 2

(a) Explain the following: ‘ (20 Marks)
i. Lethal rate
ii. Constant rate drying period
iii. Hysteresis
iv. Decimal reduction time
v. Thermal Death Time (TDT) curve

(b) Explain why one has to be concerned about micro-organisms during thermal
processing of foods. (10 Marks)

[TOTAL MARKS = 30]
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QUESTION 3

(a) Outline the advantage of multiple effect evaporation system and show a three-effect
backward feed type evaporation system. (10 Marks)

(b) For a continuous counter current multi stage (with n — stages) extraction system, write
the mass balance equation (10 Marks)
i. for the whole system

ii. between the first stage and any intermediate stage “i”

(c) Outline the advantages of continuous operation. (10 Marks)

[TOTAL MARKS = 30)
YUESTION 4

(a) Explain the principle behind separation by filtration and centrifugation. (10 Marks)

(b) With the help of sketch, explain the constant rate and constant pressure filtration
systems. (10 Marks)

(c) Define psychrometry and describe the drying or adiabatic saturation process.
' (10 Marks)

[TOTAL MARKS = 30]
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Relationships f,/U:g for Values of z= 10 °C

Values of g ("C) when j is:

fJu 0.4 0.6 0.8 10 12 14 16 18 2.0
02 227x10° 246x105 264x105 283 x10° 3M0x105 320x105 339x105 358x105  376x10%
04 739x10% 794x10° 844x10° 900x10% 95Ix10% 1.00x102 106x102 111x102  116x102
06 483x102 524x102 566x102 606x107 644x10% 683x10?7 728x 102 767x102 806 x 102
U8 012 0.136 0.148 0.159 0IN 0182 U.194 0.205 0.217
1 0227 0.248 0.269 0.291 0.312 0.333 0.354 0.37 0.397
2 085 0.92 1.00 1.07 1.15 1.23 1.30 1.38 145
3 146 1.58 1.69 1.81 1.93 2.04 216 2.28 2.39
4 201 215 2.30 2.45 2.60 2.74 2.89 3.04 3.19
5 247 264 2.82 3.00 317 335 2.53 an 3.88
6 286 3.07 327 347 367 3.88 1,08 128 1.48
7 321 3.43 3.66 3.89 412 434 457 4,80 5.03
8 349 375 1,00 426 451 4.76 5.01 526 5.52
9 376 4.03 131 458 486 513 5.41 5.68 5.96
10 398 428 458 4.88 5.18 5.48 5.77 6.07 6.37
20 546 5.94 6.42 6.89 7.37 7.84 832 8.79 9.27
30 639 6.94 756 8.11 8.72 9.33 9.89 105 1.1
40 711 7.72 8.39 9.06 9.72 104 1.1 ny 124
50 767 8.39 9.11 9.83 106 113 12.0 12.7 134
60 822 8.94 9.72 105 112 12.0 127 135 143
70 867 7.7% 0.2 1.1 ns 126 13.4 14.2 15.0
80 901 9.89 107 11.6 123 132 14.0 148 156
90 944 10.28 112 120 128 13.7 145 153 16.2
100 9.78 107 1.6 12.4 133 14.1 15.0 15.8 167
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QUESTION 1 [COMPULSORY]

(a) Find two equivalent processes, at 100 °C and 150 °C, which will deliver the same 9
log cycle reduction lethality. Take D, value of 2 minute and z value of 10.5°C.
(10 Marks)
(b) 2000 kg/h of a fruit juice with 10% solids is freeze-concentrated to 30% solids. The
dilute juice is fed to a freezer where the ice crystals are formed and then the slush is
separated in a centrifugal separator into ice crystals and concentrated juice. If the ice
crystals stream is composed of 10% concentrated juice and the balance pure crystal,
calculate the amount of ice that is removed in the separator and the amount of
concentrated juice produced. Assume steady state. (15 Marks)

(c) The wall of a cold store is made of brick lined with insulator. The temperature of the
inner wall surface is 5°C and that of the outer surface is 25°C. The thickness of the
concrete layer is 10 cm and the thickness of the insulation is 8 cm. The thermal
conductivity of concrete and the insulator is 2 W/m°C and 0.04 W/m°C respectively,
Calculate the total resistance of the wall to heat transfer and the heat transfer losses
through the wall if the wall area is 20 mZ. (15 Marks)

[TOTAL MARKS = 40}

UESTION 2

(2) Explain the following: ’ (20 Marks)
i. Slowest heating point in can
ii. Falling rate drying period
iii. Hysteresis
iv. Z-value
v. Survivor curve

(b) Explain why one has to be concerned about micro-organisms during thermal
processing of foods. (10 Marks)

[TOTAL MARKS = 30]
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UESTION 3

~ (a) With the help of sketch, describe a three-effect multiple evaporation system with a

parallel feed. (10 Marks)
(b) Describe the stages in solid-liquid extraction system. (10 Marks)
(¢) Outline the advantages of batch operation. (10 Marks)

[TOTAL MARKS = 30]
UESTION 4

(a) Outline the similarities and differences between gravitational settling and centrifugal
separation. (10 Marks)

(b) With the help of sketch, explain the constant rate and constant pressure filtration
systems. 10
Marks)

(c) Define psychrometry and list the moist air properties that can be read from a
psychrometric chart (10 Marks)

[TOTAL MARKS = 30]
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