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Development of a Coating System for Producing Clean Enriched Rice
J.H. Chung Y. B. Lee T.Y. Yan

ABSTRACT

This study was conducted to develop a coating system for producing clean enriched rice. The nutritional components of such
as brown rice, white rice, clean white rice, enriched rice of US, black rice of China, and rice with perfume of China, were
analyzed and compared. Total protein, lipid and minerals in brown rice were higher than those in the other rices. A nutrition
premix with lysine, thiamine, niacine, calcium lactate, ferrous lactate, and rice starch was made for enriching white rice. A
coating device consisted of a tumbler, two spraying nozzles, a rice mixer, etc was developed with the capacity of 1 ton/h. And
far-infrared dryers of batch and continuous types were developed to dry hygienically the wet enriched rice. The percentages of
lysine, thiamine, amino acid nitride, and Ca and Fe of the enriched rice samples produced in this study were, respectively, 4, 3,
3, 2, and 10 times higher than those of white rice, respectively.

Keywords : Enriched rice, Nutritional premix, Coating system, Far-infrared dryer.
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Fig. 1 View of a coating device developed for producing enriched rice.
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Table 1 Specification of a coating device

Item Specification
Type/Capacity Type : spraying in a tumbler, Capacity : 1 ton/h
Dimension 1625(L) x 750(W) x1670(H) mm

Power suction fan 1 HP Geared motor

Pumps for 0.5 HP

nutrition premix

0.25 HP Pump 2 units, Max. water pressure: 1.2 MPa, 1750 rpm

Intake part

The amount of intake materials is controlled by a gate with a geared motor.
Intake screw : pitch, p =100 mm pitch, 58 mm inside diameter, & =58 mm,
234 mm outside diameter, & =234 mm, 717 mm length, L =717 mm

First spraying part

Spraying nozzle capacity : 150 cc/min
Mixer : 60W, 1550 rpm, A pump is used.

Tumbler part Material : stainless

Tumbler diameter : & =300 mm, Length, L = 1500 mm

Slot angle : 37°, Distance between slots: 3 mm
Slot length : 18 mm, Slot width: 1 mm

Second spraying Particle size : 20 ~ 60 gam
part A pump is used for spraying.

Air mix nozzle : 1/4 JBC type, 100 cc/min

Compressor air pressure : 0.5 MPa, Max. water pressure : 1.2 MPa

Control part

Two Dryer flowmeters are installed to control spaying.
ON - OFF control system: gate control, mixer, tumbler, nutrition pumps
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Table 2 The specification of a far-infrared dryer of batch type using ceramic plates

Item Specification
Function Batch type, temperature and humidity control, Heaters and fan are installed.
Dimension 1000(L) = 800(W) x 1800(H) mm
Heater Seramic plates of 18 sets
Power 220V 3 phase, 6 kW
Power voltage Motor power Airflow rate Air pressure
Fan
220 V 1/8 HP 6 nr'/min 45 mmAq
Remark Variable resistors are installed for heaters and a fan.

Table 3 The specification of a far-infrared dryer of continuous type using ceramic plates

Item Far-infrared dryer Intake elevator
Function Continuous dryer, 3 layers Materials intake
Power 220V, 3 phases 220V, 2 phases
Frame material Aluminum Aluminum
Dimension{mm) 4530L x 640W x 1680H 1700L x 640W x 1470H
. Upper & middle belt: 0~0.9 m/min,
Velocity .
Bottom belt : 0~1.8 m/min

Type Chemglass Chemglass
Belt -

Width 0.58 m

Upper 417 X2 m
Length
Middle bottom 3.86 X2 m
Power Quantity Alrﬂ?w.rate Power Quantity Alrﬂg)w_rate
(ca) (m’/min}) (ea) (m’/min)

Air-supply fan 0.023 kW 9 1

Air-exhaust fan 0.5 kW 1 25

Driving motor 0.12 kW 3 0.12 kW 1
Parts | Motor for intake feed control| 0.04 kW 1

Seramic plates 1.5 kW 12

Electrical heater 1 kW 9

Total power 28.1 kW
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Table 4 Comparison of nutrition components of various rice
Nutrition | Carbo- | Protein | Lipid | Mineral | Total | Fe Ca
hydrate Remark
Rice(w.b.%) (%) (%) | (%) | (%) | (%) | (mg%) | (mg%)
Brown rice 83.4 7.9 5.5 3.2 100 L9 58 + Moisture content was
(12.4%) @0 ©0.5) | (04) | (0.3) ) measured by an infra-
red moisture meter
White rice 934 5.6 0.3 0.7
(12.7%) ©4) | 02) | ©1) | ©1) | 100 ] 06 1 46 | . The varieties of brown,
white and polished rice
Polished rice 93.8 45 | 1.0 | 07 were Donglin.
(13.6%) ©7) | ©3) | ©02) | 1) | 100 05 | 49
Enriched rice, U.S. 93.0 5.5 0.7 0.8
(13.3%) ©5 | 02 | o1 | @1 | 100} 04 | 37
China black rice 91.5 9.8 0.5 2.2
(13.4%) 06 | ©5) | ©1 | ©3 | 100 L5 51
China rice with perfume 94.2 5.0 0.2 0.6 100 11 40
(12.8%) ©.7) | 02 | ©1) | ©1

Note : 1) The above values are means of three replications, 2) mg% : mg/100g, 3) The values in parentheses represent standarc

deviation.
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Table 5 Viscosity of rice starch solutions according to concentration and temperature

Item Viscosity! at 70 C after gelatination Viscosity'” at 20 C after cooling
Rice starch(%o) Time(s) Viscosity(cp) Time(s) Viscosity(cp)
0 234 0.9 253 1.07
1 552 2.2 646 2.6
2 1,518 6.0 2,045 8.1
3 4,891 19.3 5,454 21.6

Note : 1) Use of Ubbelodhe viscometer No.75, 2)

Viscosity of distilled water 20 T is assumed as lcp.
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Table 6 Concentrations of each nutrient of the premix

Nutrient Concentration Nutrient Concentration
Thiamine 10 g/t Calcium lactate 100 g/t
Niacin 10 g/2 Ferrous lactate (optional) 50 g/t
Lysine 50 g/t Rice starch 1 %
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Table 7 Nutrition analysis of enriched rice produced by the coating device developed.

AR A2e 4 geals AZEth A w29 A
#3014 obvl Aty Az, Holosl, 2
E%ﬂ—ﬁu} w7t 24 6}?4 W

o) Fgo] mlE
zmﬂoﬂ ey 2ol

Material Control Tr. #1 Tr. #2 Tr. #3 USA
with premix | with premix | with premix standard Remark
Nutrition (white rice) A A B of enriched rice
Amino acid nitride 5.77 6.92 14.74 18.22 B Amino acid nitrate
(mg%) (0.22) (0.35) 1.17) (1.29) analyzer
* Lysine 1.40 1.86 6.76 4.02
(ng%) (031) 021) (0.51) (0.52) HPLC (UV Detector)
Thiamine 0.14 0.48 0.58 0.67
(mg%) ©0.02) 0.03) (0.04) 0.04) > 0.44 HPLC (UV Detector)
Calcium 46.1 64.9 105.8 87.0 > 110 Dry method. Atomic
(mg%) 0.6) 0.7) (1.9 (L.0) A.S. measurement
Iron 0.60 3.44 13.21 8.48 >286 Wet method. Atomic
(mg%) (0.14) (0.36) (0.74) (0.65) ) A.S. measurement

Note : 1) Calcium is optional in USA standard of enriched rice.
2) Lysine only was measured by washing samples.
3) The amount of Niacine can be estimated by that of Thiamine.
4) The values in parentheses represent standard deviation.
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Table 8 Nutrition analysis of enriched rice and normal white rice

J. of Biosystems Eng. Vol 29, No. 4, pp. 307 ~316 (2004)

Nutrition .. . Dy .
Rice Thiamine (mg%) Amino acid nitride (mg%) Calcium (mg%)
White rice  (A) 0.14 5.77 46.1
Enriched rice (C) 0.35 21.74 1729
Enriched rice (D) 0.24 9.13 91.6

Note : Sample C was dried by the infrared dryer of a batch type, while sample D was done by the infrared dryer of

continuous type.

Table 9 Comparison of compressive strength(bioyield point) of the enriched rice dried by the infrared dryers
and the other rices

Materials Moisture content Compressive strength Standard deviation Coefﬁfzient of——
(w.b.%) kg) (kg) variance

White rice  (A) 14.1 4.7 03 7.6

Brown rice  (B) 17.1 4.6 0.6 14.1

Enriched rice (C) 14.0 4.9 0.7 14.1

Enriched rice (D) 14.2 4.5 0.3 6.9

Note : Sample C was dried by the infrared dryer of a batch type, while sample D was done by the infrared dryer of

continuous type.
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