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Abstract

The objective of this research was to increase the value of cocoa pod husk (CPH) by using it as an
ingredient in laying hen feed. To prepare CPH as a raw material with other ingredients, CPH was dried using a hot
air dryer with a constant hot air velocity of 3 L/min. The CPH drying was performed at 50, 60, and 70°C to
determine the optimal condition of CPH drying and to study a mathematical model of CPH drying. To examine
the effect of laying hen feeds mixed with CPH (CPH feeds) on egg production and quality, 3 formulae of CPH
feeds containing 2, 4, and 6% of CPH were used. The results showed that the optimal condition for CPH drying
was hot air drying at 50°C for 555 min, which was the lowest energy consumption condition with the specific
energy consumption of 5.25 MJ/ kg water evaporated. The study of mathematical models for CPH drying showed
that the Logarithmic model was the suitable equation for predicting the reduction of CPH moisture with the
highest decision coefficient (R?) and the lowest root mean square error (RMSE) and sum of square error (SSE). The

R? value was greater than 0.9996 and the RMSE and SSE values were 0.00434 and 0.00345, respectively. The study
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of the effect of CPH feeds on egg production and quality showed that laying hens fed with the CPH feeds had higher

egg production, egg weight, egg mass, feed conversion ratio, Haugh unit values than those fed with the commercial

feed. However, their feed intakes were not different.

Keywords: Cocoa pod husk, Moisture, Drying, Mathematical model, Laying hen feed
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Table 1 Thin layer drying model

Model no. Model name Model equation
1 Page MR = exp(—kt)
2 Henderson MR = aexp(—kt)
and Pabis
3 Logarithmic MR = aexp(—kt)+c
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Table 2 Composition of the laying hen feeds (CPH feeds)

Ingredients Formula
(%) 1 2 3

Cocoa pod husk (CPH) 2 4 6
Comn 50.5 48.5 46.5
Rice bran 11 11 11
Soybean meal (44%) 16.5 16.5 16.5
Fish meal (60%) 6.0 6.0 6.0
Limestone 8.4 8.4 8.4
Dicalcium phosphate 0.7 0.7 0.7
Vegetable oil 4.5 4.5 4.5
DL-Methionine 0.1 0.1 0.1
Salt 0.1 0.1 0.1
Layer premix 0.2 0.2 0.2
Total 100 100 100
Calculated Analysis
CP (%) 16.62 16.61 16.59
Fat (%) 4.93 4.87 4.81
CF (%) 3.81 a.44 5.07
Ca (%) 3.83 3.84 3.85
ME (kcal/kg) 2957 2947 2938
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Figure 1 Relationship between moisture ratio and

drying time at different drying temperatures
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Figure 2 Relationship between drying rate and

moisture content at different drying temperatures

Table 3 The specific energy consumption at different

drying temperatures

Drying Time Evaporated The specific
Temperature (min) water energy

(°O) (kg/h)  consumption
(MJ/kg water
evaporated)

50 555 12.39 5.25

60 465 13.41 6.99

70 360 17.87 6.40
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Figure 3 Changes in moisture ratio during cocoa pod
husk drying at 50°C obtained from experiment and

Logarithmic model
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Table 4 Chemical composition of CPH and corn

Composition CPH Corn

(from this [10]

study)

Protein (%) 7.03 7.60
Fat (%) 0.52 3.60
Carbohydrates (%) 20.31 60.20
Fiber (%) 33.87 2.30
Phosphorus (%) 0.15 0.25
Calcium (%) 0.49 0.03
ME (kcal’kg) 2,900 3,520
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nUsrauSeuay 10 LﬁaLﬁaUﬁummsqmmuauﬁ
Tinandnwinnu Speay 58.71, 44.68 uag 40.81 AUAIAY
Tnogusemnsnaudentnliv 3 gnsdiandmalavus
dulvsunazAmdsnuilivsslovdligandtemsmis
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voaldlmduaenem
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Table 5 Effects of commercial and CPH feeds on egg production

Parameter Treatment 1 Treatment 2 Treatment 3
Commercial CPH feed Commercial CPH feed Commercial CPH feed
feed (2%) feed (4%) feed (6%)

Egg production (%)  58.71+3.52 67.10+2.54 44.68+2.14 54.68+2.00 40.81+1.98 51.45+1.72

Egg weight (%) 58.90+1.25 58.89+2.04 59.22+1.07 59.13+1.84 60.12+1.12 61.51+1.77

Egg Mass (%) 34.58+0.58 39.23+0.84 26.34+0.24 32.14+0.96 24.53+0.35 32.34+1.01

Feed intake 106.32+4.51 106.17+3.85 106.38+3.85 105.81+4.15 104.42+4.10 111.87+3.07

(kg/body/day)

Feed conversion 3.09+0.05 2.71+£0.08 4.03+0.04 3.29+0.02 4.26+0.10 3.46+0.02

ratio

Cost 48.54 41.71 63.39 49.95 66.91 51.65

(Baht/kg egg)

Gty 1AAldsuomisfinauudenlnld
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284 Nortey et al. [11] fidnwnsldiudeninlfvinaunis
gouifudunaluemsldlifivunadesas 0, 10 way
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Adasnisiasuemsidulsesnin
funudramsasly 1 Alandu nudn Iad
IfuomnsinasnddeninlAdidunueeimssenisuanld
1 Alan$u Wiy 41.71, 49.95 uaz 51.65 UM Geiisnan
mnlAfiRuemnsmanisinfidenuieinatalunisnan
19 1 Alansu Aiflsrawiiu 48.58, 63.39 way 66.91 UM
witUsuaemsinuveslissdanulndideaiy u
\esangmsomsinanidentnlifinisansuyuludiu
USunafinaunudalnaun Taee1misnienisaisin

v
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Lifienuuandnaftu luvaeiilive 3 gailldemisnay
wWaenlnlAfiAgeyln (Haugh unit) tasgandnildsy
DIMNTNNNNTAT dIURAANE IULAIRINTUIAELAS (a¥)

Y84b AN IMNINI9NTATA FlUkauTunI AT

Aupnsnaudsninid duadwias (0% Inftue1mis

nauFonlnlfdAdivdosvadliunaedogininlafiiu
9 NSMeNSA uavilmenueadng (L9 liuansnefuiia 3
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Tlsunsanasiuinldenunduvesdldunsanas seululd
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venlimsruildunsanlaiilasuemsnisnisaasia
dundldunsanliildemsuamddentnld ildvedls
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Table 6 Effects of commercial and CPH feeds on composition and egg quality

Parameter Treatment 1 Treatment 2 Treatment 3
Commercial CPH feed Commercial CPH feed Commercial  CPH feed
feed (2%) feed (4%) feed (6%)
Yolk weight (%) 26.13+1.25 25.61+0.35 25.72+1.15 25.32+1.35 25.90+1.05  25.04+1.02
Albumen weight 61.34+2.06 61.58+1.64 62.13+2.15 61.41+2.21 61.32+1.24  61.65+1.01
(%)
Shell weight (%) 12.53+0.25 12.81+0.23 12.15+1.03 13.27+0.45 12.78+0.26 ~ 13.32+0.29
Haugh unit 69.55+1.72 75.56+2.31 75.87+2.05 82.58+3.15 68.28+4.21  77.79+0.87
Shell thickness 0.53+0.03 0.49+0.01 0.49+0.02 0.46+0.04 0.47+0.02 0.49+0.03
(mm)
a* 16.66+0.14 9.39+0.16 17.45+0.17 10.58+0.09 16.09+0.25 10.05+0.12
b* 59.68+1.25 65.38+1.58 60.45+1.31 69.29+1.09 58.35+2.01 66.24+2.54
L* 5557+1.84 56.06+2.24 55.77+1.92 57.17+1.76 55.35+2.35 56.79+1.36
a* = red/green value (+ = redder, — = greener)
b* = yellow/blue value (+ = yellower, — = bluer)

L* = lightness (+ = lighter, — = darker)

4. unagy
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