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ABSTRACT

Rice variety Sakha 104 (Japonica) was parboiled to study the effect of
parboiling and milling processing on amino acids content and protein quality of all rice
samples. The obtained results showed that most of the amino acids content of rice
samples (Sakha 104 variety} were decline as a function of parboiling process. On the
other hand, special amino acids such as lysine, thraonina, alanine and glycine were
increased as a result of parboiling.

In addition, milled rice protein has a lower lysine content than that of brown
rice protein. Lysine was foundto-be the first limiting indispensable amino acids in all
rice samples (Sakha 104 variety).

Corrected protein efficiency ratio was 2.19 for brown rice, 2.35 for parboiled
brown rice, 2.14 for white rice and 2.28 for parboiled white rice as compared to 2.5 for
casein, The net protein retention (NPR) was highest for casein (3.25), followed by
parboiled brown rice (3.12) and least for white rice (2.95). Apparent digestibility was
varied according to the treatments used {Sakha 104 variety).Furthermore, parbgiling
process helped to increase the protein digestibility of the different rice samples of
{Sakha 104 variety). Furthermore, apparent digestibility of white rice was higher than .
that of brown rice protein.

INTRODUCTION

Rice is an important source of protein, supplying more than 50% of
the total protein consumed in some countries. Even a modest increase in
protein levels in rice would provide a significant nufritional boost to the
hundreds of milions of people who depend upon it (Begum and
Bhattacharyya, 2000).

The high protein quality of rice is due to its high gluteline to prolamine
ratio (Huebner et al., 1990).

Rice proteins are high in essential amino acids lysine and methionine
while the common cereal grains are low. On the other side, glutamic acid is
very low in rice protein content {Dharmaputra, 1997).

Protein quality can be defined as the ability of a protein to supply the
essential amino acid requirements of the animal (Steinke, 1976).

Biological evaluation of food is essential, because chemical analyses
do not always reveal the presence of antinutrients {or toxins) or how much of
a nutrient (aithough present) is biologically available (Eggum, 1979).

Recent studies have shown that the protein of raw milted rice is more
digestible in rats, than wheat flour protein, with true digestibility 100% and
90%, respectively (FAQ, 1993),
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Parboiling of IR480-5-9 rice variety before milling resulted in lower
true digestibility values {uncooked or cooked rice) as compared to raw rice
{Eggum, 1979).

MATERIALS AND METHODS

Materials:

Variety of rice (Oryza safiva L.) namely Sakha 104 (short grain
Japonica) was employed in this study, Rice was obtained from the Rice
Research and Training Center (RRTC) located in Sakha at the Kafr EI-Sheikh
Governorate, Egypt, during the season(2004).

Methods:
Preparation of parboiled paddy rice:

Parboiled rice was prepared by using Sakha 104 variety following the
procedure (El-Bana et al., 2000). After drying paddy rice and parboiled paddy
rice were dehulled and milled using ASATAKE testing machine (Sotelo et al,,
1990).

Nutritional evaluation of rice samples:

Protein content (%): of rice samples was determined as described in the
A.Q.A.C. (1990).

Amino acids content: of rice samples were performed in the Central
Laboratory of the Faculty of Agriculture, Alexandria University. Samples were
subjected to acid hydrolysis using 6 N HCI and few drops of mercaptoethanol.
The hydrolyzate was recovered by removing the acid by evaporating the acid
in a rotary evaporator. :

Amino acids were estimated in the hydrolyzate using amino acid
analyzer (Beckman amino acid analyzer, Model 119 CL) as described by
Sadasivam and Manickam (1992).

Tryptophan contentof rice samples was determined colorimetrically after
subjecting to alkaline hydrolysis as outlined by Blauth et al. (1963).

Chemical score :of indispensable amino acids was calculated using the
equations of Pellett and Young (1980).

Biological evaluation of protein quality:

Preparation of protein concentrate:

Rice protein concentrates were prepared by using (brown rice,
parboiled brown rice, milled rice and parboiled milled rice) Sakha 104 variety
following the procedure of (Connor et al., 1976).

Preparation of dietary dlets;

Four test protein diets (brown rice, parboiled brown rice, white rice
and parboiled white rice protein concentrate). Standard protein diet (casein)
and non-protein diet were prepared by mixing the protein source, corn oil,
mineral mix. vitamin mix and ¢orn starch, standard and test protein diets were
adjusted to 10% protein, whereas, non-protein diet was devoid of protein as
described in the A.QO.A.C. (1990).

Feeding trail:

Male albino rats (40-50) gm were housed individually in a wire bottom

cages under normal healthy faboratory conditions. Temperature and humidity
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were ranged from 20-25°C and 60-65%, respectively. The animals were fed
with standard rat diet for 5 days. The animals were segregated into six
groups, allocating five rats, with similar mean body weights to each group,
namely test protein group (TPG), standard protein group (SPG) and non-
protein group (NPG). Diets were moistened and fed to the respective groups
of animals for 4 weeks. Observations on daily feed intake and weekiy weight
changes were made as given in the A.Q.A.C. (1990) procedure.

Nutritional indices:

The amount of the feed given on dry weight basis was computed,
based on moisture content while moisture free refusal was obtained by drying
overnight at 100°C. The difference between diet given and refusals was taken
as feed intake, which was further used to compute protein intake, feed intake,
protein intake and body weight gain were used to compute the following
nutritional indices:

s Feed efficiency (FE) = gain in body weight (g)/feed intake (g).

¢ Feed utilization (FU = Feed intake (g)/gain in body weight (g).

¢ Protein efficiency ratio (PER) = gain in body weight (g)/protein intake {g).

¢ Corrected protein efficiency ratio (C-PER) = PER of casein(2.5) x PER of
Test Protein/Exp. PER of casein.

* Protein utilization (PU) = protein intake (g)/gain in body weight {g).

* Net protein retention (NPR) = wi gain of TPG (g) + wt loss of NPG
{g)/protein intake of TPG (g).

e Apparent digestibility: (nitrogen %) = (N intake - Fe cal N)/N intake x 100
were calculated as described by Pellett and Young (1980).

Statistical analysis:

Data of nutrition indices was subjected to analysis of variance and the
means were further tested using the least significant difference test (LSD) as
outlined by Stell and Torrie (1980).

RESULTS AND DISCUSSIONS

1. Amino acids composition:

Rice protein is considered the most important compenent that has the
highest nutritive value among all of the cereal proteins.

The indispensable and dispensable amino acids content of brown and
white rice sampies for the variety of Sakha 104 are given in Table (1). The
results of amino acids composition of brown rice reveal that contained 3.86%,
2.26% and 1.7% for lysine methionine anc tryptophan indispensable amino
acids. These values are higher than those of white rice. As for dispensable
amino acids, the results indicated that, white rice contained 8.83%, 8.88%,
19.7% and 4.89% of arginine, a<nartic acid, glutamic acid and proline
respectively.

Apparent also from t. . able that, amino acids content of white
rice were higher than those of .wn rice. Brown rice protein has higher lysine
content than that of white rice protein. Similar results were found eisewhere
{Cagampang et al,, 1976 and Luh, 1980). It should be noted also from the
same table that, parboiling process caused a decrement in amino acids
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content of both brown and white rice except lysine, threonine, alanine and
glycine. The obtained results are in agreement with those obtained by
(Eggum, 1979 and El-Akary, 1992). It is worthy to mention that such increase
in amino acids content caused as a result of parboiling can be explained on
the basis that the inner bran and scutellum became embedded in the
endosperm as a result of starch gelatinization as reported by Hamed (1995).

Table (1): Effect of parboiling process on the amino acids content of
brown and white rice flour {Sakha 104 variety).

Amino acids B PB w PW

'Indispensable amino acids:
Leucin 6.90 6.56 7.22 7.90
Isoleucin 410 3.96 4.14 4.34
Lysine 3.86 g M 344
Methionine 2.26 2.01 1.42 1.31
Cystine 1.12 1.22 1.21 1.4
Phenylalanine 4.36 3.22 4.9 4.68
Tyrosine 2.64 .21 2.94 223
Threonine 4.16 437 436 4.33
Valine 5.06 4.9 5.5 5.8
Tryptophan® 1.7 1.55 1.32 1.1
Dispensable amino acids:
Alanine 5.36 5.52 5.31 5.62
Arginine 7.49 6.65 8.83 8.55
Aspartic acid 8.40 8.34 8.88 B.50
Glutamic acid 19.21 18.10 19.7 19.00
Glycine 4.74 491 435 4.02
Histidine 2.50 2.48 211 2.00
Proline 4.28 3.11 4.89 477
Serine 541 | 527 5.15 5.31

8 : Brown rice PB : Parboiled brown rice

w : White rice PW : Parboiled white rice

* Tryptophan was determined colorimetrically

Chemical score of indispensable amino acids:

Indispensable amino acid composition in Table (1) was further used
to calculate the chemical score (Pellett and Young, 1980). Chemical scores of
indispensable amino acids found in brown, parboiled brown, white and
parboiled white rice of Sakha 104 are given in Table (2).

Data showed that, lysine was found to be the first limiting
indispensable amino acids in all rice samples. Although the chemical score of
parboiled white rice showed some improvement. The sulfur centaining amino
acids were the second limiting amino acids in all rice samples except
parboiling brown rice. The results of (Eggum, 1979 and FAO, 1993)
supported our findings.

Nutrition indices: -
Feed, protein intake:

The feed intake was 268.3 g for casein, 259.42 g for brown rice, 266.70
g for parboiled brown rice, 257.70 g for white rice, 261.80 g for parboiling
white rice and 112.1 g for non-protein diets on dry weight basis, respectively
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(Table 3). It was observed that the casein diet was consumed maximally,
foliowed by the parboiled brown rice diet while the non-protein diet was
consumed the least. Protein intakes of casein, brown, parboiled brown, white,
parboiling white_rice and non-protein diets were 26.83, 25, 94, 26.67, 25.77,
26.18 and 0.0, respectively.

Table (2): Chemical scoring of the indispensable amino acids of brown
and white rice {Sakha 104 variety).

Indispensable FAQ/WHO pattern
amino acids B | P8B! W | PW | o3 (giegN) |
Leucin 98.57 | 93.70 | 103.14 | 112.86 7.00
Isoleucin 102.5 { 99.00 | 103.50 | 108.50 4.00
Lysine 70.18 | 71.09 | 62.00 | 62.54 5.50
Methionine + Cystine 96.57 | 92.28 | 75.14 | 68.86 3.50
Phenylalanine + Tyrosine | 116.66 | 88.83 ) 130.67 | 115.17 6.00
Threonine 104.00 | 109.25 | 109.00 | 108.25 4.00
Valine 101.2 | 98.2 | 110.00 | 116.00 5.00
Tryptophan 170.00 | 100.00 | 132.00 | 110.00 1.00 i
B8 : drown rice PB : Parboiled brown rice
W :White rice PW : Parboiled white rice

Table (3): Nutrition indices of brown, parbolled brown, white and
__parboiled white rice (Sakha 104 variety).
| Parameters Casein B P.B w P.W N.P
. 268.3b + |259.42b+| 266,7b+ | 257.7b+ 1261.8b +| 135.1a +

Feed intake (g) 513 | 452 | 489 | 499 | 459 | 4.75

26.83a+ | 25.94a + | 26.67a+ | 25.77a+ 26.18a + 0.0
0.51 0.45 0.49 0.50 0.46 ’

63.2e+ |53.7bc+ | 59.2d + |52.00b +| 56.3c + |-23.99a +
1.28 1.13 1.22 1.25 1.14 1.18

0.24a+ | 0.21a+ | 0.22a+ | 0.20a+ | 0.22a +
.02 0.01 0.01 0.01 0.01

4253+ 14.83cd+| 4.50b+ | 4.95d + | 4.65bc +
0.07 0.08 0.08 0.09 0.08

2.36d+ [207ab+} 222c+ | 202a+ | 2.15b *
0.01 0.02 0.01 0.02 0.01

Corrected protein 250c+ | 219a+ | 235hb+ | 2.14a+ 1 228b *

| efficiency ratio J 0.00 0.02 0.01 0.02 0.014\

e 0.42a+ | 0.48ab+[0.45ab +| 0.50b + |0.47ab +

Protein utilization 7 6.01 0.01 0.00 0.01 0.01 {

3.25c+ | 299+ | 3.12b+ | 2952+ | J.07a+
0.03 0.04 0.03 0.03 0.003

Apparent digestibility 88.88c +| 77.5a+ | 79.3ah + 80.4ab +i 82.6b +

(N%) 1.04 1.09 0.92 0.58 - 1.04

Each value was an average of five determinations + standard error

+ Values followed by the aame letter In rows are not significant at P < 0.05

B  : Brownrice protein diet PB: Parboiled brown rice proteln diet

W ! White rice protein diet PW : Parboiled white rice protein diet

N.P. : Non-proteln diet

Protein intake (g)

Weight gain {g)

Feed efficiency

Feed utilization

Protein efficiency ratio

Net protein refention
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Waeight gain:

The average body weight gain after four weeks was 63.20 g for

standard diet, 53.70 g for brown rice, §9.20 g for parboiled brown rice, 52.0

-for white rice and 56.30 g for parboiled white rice, while average loss of
weight was 23.99 g in the non-protein diet (Table 3). The results in this table
indicated that weight gain for the casein diet was higher than for all tested
protein. The weight gain was lower for white rice but was higher in the case of
parboiled brown rice and parboiled white rice among the test proteins. The
non-protein diet showed lower weight gains than standard and test diets.
Feed efficlency:

Feed efficiency is the gain in body weight per unit feed intake. Resuits
revealed that maximum feed efficiency for casein(0.24) was and minimum for
white rice (0.20) diet. The same table showed that test diets had lower feed
efficiencies than casein diel, parhoiling process increase the feed efficiency in
test diets.

Feed utilization:

Feed utilization is the ratio of feed intake to the gain in body weight.
Results revealed 4.25 feed utilization for casein , 4.83 for brown rice, 4.50 for
parboiled brown rice, 4.95 for white rice and 4.65 for parboiled white rice
(Table 3). Hence, maximum feed utilization was for white rice followed by
brown rice.

Protein efficiency ratio (PER):

Protein efficiency ratio is the gain in body weight per unit protein
intake. The resuilts revealed that the PER value for casein was 2.36, for brown
rice 2.07, for parboiling brown rice 2.22, for white nce 2.02, and for parboiled
white rice 2.15 (Table 3).

Generally, the PER values of the different rice samples were
increased upon subjecting rice to thermal processing (parboiling). These
increases may be due to increase of digestibility that occurred as a function of
parboiling. These results are in accordance with those reported by (Pederson
and Eggum, 1983 and Satelo ef al,, 1994),

Corrected protein efficlency ratio (C-PER):

Corrected protein efficiency ratio is defined as the ratio of PER of test
protein to that of standard protein multiplied by standard value of reference
proteins. The standard PER of casein is taken as 2.5 (Pellett and Young,
1880). The corrected PER was 2.19 for brown rice diet, 2.35 for parboiled
brown rice, 2.14 for white rice and 2.28 for parboiled white rice diet. Plant
proteins can be categorized into three groups (Hsu et al., 1978}, high PER
(cotton seed meal 2.3, rice 1.7, red gram 1.7, peanut 1.6), medium PER (oat
1.5, soybean flour 1.5, corn 1.4, wheat 1.3, sesame seed 1.2, maize 1.0) and
low PER (peas 0.7, rape seed meal 1.41). . The present study revealed that
brown, parboiled brown, white, parboiled white rice and standard protein diets
all had high PER.

The C-PER values of all rice samples contained high quality plant
proteins. These results are in accordance with those reported by Sotelo et al.
(1994).
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Protein utilization (PU):

. Protein utilization is the ratio of protein intake to gain in body weight.
The results revealed that the PU values were for casein 0.42, brown rice diet
0.48, parboiled brown rice 0.45, white rice 0.50 and parboiled white rice 0.47
(Table 3). PU of white rice diet was maximum, followed by brown rice diet.
The data in the same table showed higher PU in the test protein diets than
casein diet. These results are in line with those of Prakash and Ramanatham
(1995).Who reported that, net protein ratio and nitrogen utilization from both
protein concentrates were also high and not significantly different from the
standard protein.

Net protein retention {(NPR):

Data presenrted in Table (3) show that, NPR was maximum for casein
(3.25) and minimum for white rice diet. Apparent also from the same tabie
that NPR increzsed as a function of parboiled process for brown and white
rice diet. The results of Eggum et al. (1984) and Eggum et al. (1987)
supported our findings.

Apparent digestibility (% of N intake):

The results of Table (3) indicated that, casein protein was more
digestible than the other rice proteins. It should be observed also from the
same table that, protein of white rice samples were more susceplible 1o the
digestion than that of brown rice. This result may be due to the fact that white
rice contain lower fiber and tannin than those of brown rice (El-Bana et al,,
2000). However, thermal processing (parboiling) raised the digestibility of rice
proteins, this may be due to the denaturation that occurred as a function of
subjecting rice proteins to parboiling process. WU and Inglett (1974) defined
the denaturation as modification of the secondary and tertiary structures of
the protein molecular, which does not involve breaking of the covalent band,
hence, the active sites of amino acids will be more available. This will lead to
increase the susceptibility of protein molecular to digestion by enzymes. It can
be concluded that parboiling treatment led to improve the protein quality of
rice.

REFERENCES

A.0.A.C.; Association of Official Analytical Chemists (1990). Official Methods
of Analysis of the Association of Official Analytical Chemists,
Washington, D.C. USA.

Begum, M and Bhattacharyya, R. (2000). Fat contents in raw and cooked
assam rice varieties. J. Food Sci. Techn. Val. 37 No. 1, 58-60.

Blauth, O.J.; Chareznski, M. and Borbec, H. (1963). A new rapid method for
determining tryptophan, Analytical Bio-Chemistry, 6: 67-70.

Cagampang, G.B.; Perdon, A.. and Juliano, B.O. (1976). Changes in salt
soiuble proteins of rice during grain development, phytochem., 15:
1425-1429,

Connor, M.A_; Saunders, R.M. and Konler, G.O. (1976). Rice bran protein
concentrates obtained by wet alkaline extraction. Cereal Chem. 53(4):
488-496,

2979



Abd El - Hady Sahar R, et al.

Dhamaputra, O. (1997). The effects of milling degree and type of bag on
fungal infection and some chemical contents of stored milled rice.
Biotropia. 10; 42-62.

~Eggum, B.O. (1979). The nutritional value of rice in comparison with other
cereals, workshop on Chemical Aspects of Rice Grain Quality. Los
Banos, Laguna, The Philippines, IRRI.

Eggum, B.O.; Juliano, B.0.; Ibabav, M.G.; Perez, C.M. and Carangal, V.R.
(1987). Protein and energy utilization of boiled rice legume diets and
boiled cereals in growing rats. plant Foods Hum. Nutr., 37: 237-245.

Eggum, B.O.; Juliano, B.O.; Villareal, C.P. and Perez, C.M. (1984). Effect of
treatment on composition, protein and energy utilization of rice and
mung bean by rats, Plant Foods Hum. Nutr., 34: 261-272.

El-Akary, M.O. (1992). Physico-chemical studies on storage of paddy rice in
relation to quality of the parboiled produced. Ph.D. Thesis , Food Sci.
and Tech. Dept., Fac. Agric., Alex Univ,, Alexandria, Egypt.

El-Bana, M.; Kassab, H.; Roushdi, M. and Ghazi, A. {2000). Chemical and
nutritional evaluation of parboiled rice. J Agric. Res., Tanta Univ,,
26(1).

FAO, Food and Agricullure Organization (1993). Rice in Human Nutrition,
Juliano, B.O. (ed.), International Rice Research Institute, Los Banos,
Laguna, Philippines.

FAOMWHO, Food and Agriculture Organizaton World and Health
QOrganization (1973). Energy and protein requirements, WHQ Techn.
Rept., Series No. 522. Geneva.

Hamed, M.1. {1995). Comparative studies on the effect of cooking process on
some chemical and organcleptic properties of white milled and
parboiled rice. 1- Protein amino acids and thiamin. J. Agric. Sci.
Mansoura Univ., 20(3): 1207-1211.

Hsu, HW.; Sutton, N.E.; Barzo, M.Q.; Satterlee, L.D. and Kendrick, J.G.
(1978) The C- PER and T-PER assay of protein quality. Food Tech 32,
69-73.

Huebner, F.R.; Bietz, J.A.; Webb, B.D. and Juliano, B.{(1990). Rice cultivar
identification by high performance liquid chromatography of endosperm
proteins. Cereal Chem. 67: 129-135.

Luh, B.S. {1980). Rice production and utilization, Luh B.S. (ed.), AVI Pub.
Comp. Inc. Westport, Connecticut, pp. 452, USA.

Pedersen, B. and Eggum, B.O. (1983). The influence of milling on the nutritive
value of flour from cereal grains. IV. Rice Qual. Plant. Plant Foods
Hum. Nutr., 33; 267-278.

Pellett, P.L. and Young, V.R. {1980). Nutritional evaluation of protein foods.
Food and Nutrition Bulletin Supplement, 4 United Nations Univ., Japan.

Prakash, J. and Ramanatham, G. (1995). Effect of stabilisation treatment of
rice bran on nutritional quality of protein concentrates. International. J.
of Food Sci. and Nutr. 46: 2, 177.

Sadasivam, S. and Manickarn, A. (1992). Determination of total sugars, -
reducing sugars and amino acids, Agriculture Science, Wiley Eastern
Limited, New Delhi, pp. 6 and 40, India.

2980



J. Agric. Sci. Mansoura Univ., 31 (5}, May, 2006

Sotelo, A.; Hernandez, M.; Montalvo, 1. and Sousa, V. (1994). Amino acid
content and protein biological evaluation of 12 Mexican varieties of rice.
Cereal Chem. 71(6). 605-609.

Sotelo, A; Sousa, V.; Montalvo, |.; Hernandez, M. and Aragon, L.H. (1990).
Chemical composition of different fraction of 12 Mexican varieties of
rice obtained in milling, Cereal Chem., 67(2): 209-221.

Steinke, F.H. {1976). Protein efficiency ratio pitfalls and causes of variability:
A review Cereal Chem., 54(5): 949-957.

Stell, R.G. and Torrie, J.H. {1980). Principles and procedures of statistics, 2™
Ed. (pp. 120). McGraw Hill, New York, USA.

Wu, Y.V. and Inglett, G.E. (1974). Denaturation of plant protein related to
functional properties and food applications. J. Food Sci., 39: 218-221.

> and) andil g Al palaall Jo anally gl A Ale 00
S iy

"Jssdae Gase wud 3w AL Py ¢ G (i) Jau

Ul ey — feakl iS4 A1 30 A — A3 Lo g1 5 pudk =

il = Lo 30 iyl 36 m — NI L gL &gy agae =T

el e apdlly capualy G il 2 48 jae Cings d o3 2y ol
bad eloaly dllny Yot s 3o Ciual JiBALT 5 Y Slisd Gy 33 ay Al
3oV e Juaatal pilll CsiSy o) AN e 40
iy diliaall 5 Y1 Glie 8 dale ddeay i) (olaal) i B JAad ddee o o
iy Yy O ga 5 CpeslD (Bia Asisa) ialaatll iang (5 siaa e 3
adal oy a1 3N e il GOV (A 0055 {Opedl) Y] Gadlall S oy @
ol g AR N Sl A 2l g
Gyl eli€ aaty) (Mol al ddae o) 2ay S0 o R0 G jlad A ey @
255 ) Al Alee = WS a1 5N e el S A 5 Sy e Oy
O il a5 N1 Sy 5l Bpaagd) calSy Akl Y Sl G g ol sania
.u.'l..l.“ _jJYl
.:)JYI @JﬁoJﬁ@mﬁJ‘dJﬁﬂ@O‘M&mLﬂ

2981



