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ABSTRACT 

Among cereal proteins, rice has one of the highest lysine c-Onh'nt , the first 
limiting cs!K!ntial amino acid. Although parboiling and cooking have 110 adverse 
effect on lysine content, Utey reduce protein digestibility but improve biological 
v31ue. Somc heat processing such as popping. toasting, stack burning, extrusion 
cooking, and puffing can reduce lysine c()ntcnt and nutritional value of th~ 
processed rice . Mming has little effect on Ule nutritioMI value of protein except 
in purple rices which have poor digestibility of brown rice . Protein distribution in 
the cndo!ipcnn depends on brown rice protein content Preliminary studies on 
brown rice from crop grown in sulfur-deficient soils showed no adverse effect on 
sulfur containing amino adds. No high-lysine rice mutant has been identified . 

Cooperative studies in preschool children on protein requirements for high
protein riec and rice-based werm.ing diets showE'_d protein qualit)' of rice may bt 
improved by adding lysine-rich proteins particularly of animal origin at 1/3 of the 
dietary N. 

Introduction 

Rice protein is unique among cereal proteins because it is hjgh in lysine 
content, low in prolamin, and low in matrix protein (Juliano, 1985). Cereal 
proteins are first limiting in the essential amino acid lysine for which 5.5 g/ I r. g N is 
considered adequate. Rice protein has 3.5-4.0 g Iysine/l 6 g N. 

Solubility fractions of rice protein by the Osborne classification are 5% 
albumin (water-soluble), 10% globulin (NaC!·soluble), 3% prolamin (alcohol· 
soluble), and 80% glutelin (alkali.soluble) (Juliano, 1985). In terms of "",ino acid 
composition, albumin has the higllest lysine content followed by glutelin, globulin, 
and then prolamin. The low prolamin content helps explain the Wgh lysine content 
of rice protein_ Changes in protein content are mainly due to changes in the storage 

proteins glutelin and prolamin. Increase in protein content results in a small but 
significant decrease in lysine content of rice protein which was confirmed by rat 
studies. Feeding trials in preschool children did not show significantly lower appa· 
rent nitrogen (N) retention for tdgh (11%) - protein rice as compared to average 
protein rice at identical N intakes of 240 or 250 mg N/kg body WI /day (MacLean 
er 01., 1978; ROKas et 01., 1979). 
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With other cereal proteins, protein bodies are prolamin and matrix protein is 
glutelin (Juliano, 1985). An exception is rice protein wherein at least 95% of en do
sperm protein is protein bodies. The major protein body is the large spherical type 
found throughout the endosperm. Small spherical and crystalline types are found 
only in the subaleurono layers (Bechtel and Juliano, 1980; Harris and Juliano, 
1977). Crystalline protein bodies are rich in albumin-globulin (Tanak.etal., 1980) 
and readily digested during proteolysis in vitro (Tanaka ef al., 1978) and during 
germination (Horikoshi and Morita, 1982). Cooking renders the core portion of 
spherical protein bodies poorly digestible (Eggnm ef al., 1977; Tanaka of al., 1978). 
The core fraction is rich in cystine and lipids and poor in lysine (ResurreceioD and 
Juliano, 1981). Parboiling has a lesser effect than boiling (Eggum ef al., 1977). 
Thus, true digestibility of protein in growing ra.\s decreases but biological value 
increases from cooking of rice (Eggum ef al., 1977). This trend in digestibility and 
biological value is attributed to a movement of urea from the blood to the intes
tines in rats, as demonstrated by the effect of dietary manipulations on N excretion 
pattern (Beames alld Eggum, 1981). 

This paper reviews recent studies on the effect on rice protein quality of 
(a) heat processing in view of heat lability of lysine residues through reaction of the 
epsilon-amino group, (b) pigmented pericarp and milling, (c) sulfur-deficient soils 
and tissue culture mutations, and (d) adding various Iysine·riee proteins in the rice 
diet. 

Methods 

Amino acid analyses were perfonned on milled rice hydrolyzed 23 h at 110°C 
in 6 N HCI in tubes sealed after flushing with N2 using a Beckman 120C amino 
acid analyzer with PA-35 and AA-15 resin columns. All rat balance studies were 
conducted at the Department of Animal Physiology and Chemistry, National 
Institute of Animal Science, Copenhagen, Denmark, on Wistar male growing rats 
weighing 65·68 g, five rats/diet. Energy value of food and feces was estimated by an 
lKA adiabatic calorimeter. 

Energy and nitrogen balance studies in male preschool children 18-30 months 
old were undertaken at the Nutritional Evaluation Laboratory, Food and Nutrition 
Research Institute, NSTA (Intengan ef af., 1984; Santiago ef at., 1984; Cabrera
Santiago ef al., 1985), using the standard protocol of the United Nations University 
World Hunger Progranune (Tarim et ar, 1981) at 418.4 kJ/kg body wt/day energy 
intake. Single-level nitrogen balance studies were done at 200 or 250 mg N/kg body 
wt/day. Multilevel N balance was done following increasing and decreasing sequence 
of dietary protein intake levels of 0.75, 1.00, 125, 1.50, and 1.75 g/kg body 
wt/day (120,160,200,240, and 280 mg N/kg/day). Macro Kjeldahl N was deter
mined on composite diet and on pooled feces and urine samples. Energy content of 
diet and feces was determined with a Parr adiabatic calorimeter. Amino acid com
position and neutral detergent fiber of diets were analysed at lRRJ. 
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Histological examination of samples was by the methods of Bechtel and 
Juliano (1980). 

Heat Processing 

Lysine is very sensitive to thermal degradation through reaction of its epsi/on
amino group through formation of lysinoalanine (Raymond, 1980) or Maillard 
reaction with reducing sugars. Although boiling, regular and pressure parboiling, 
noodle extrUSion, pan baking, accelerated aging, and pan toasting have little or no 
effect on the lysine content of rice pro,tein, stack burning or yellowing, popping, 
extrusion cooking. and puffing significantly reLucP-~ the lysi.!1e content of protein 
(F.ggum et al., 1977, 1984, 1985; lRRI, 1984 ,: IJlaIl and Eggum, 1978, 1979; 
Khandker et al., 1985) (Table I). Actual rat [eeG Ig trials confinned lysine data: 
net protein utilization (NPU) was not affecled by treatments that do not decrease 
lysine content , but was decreased by stack bnrning. extrusion cooking. and most, 
by puffing. A sample of commercial puffed rice had 0.1% lysinoalanine in its 
protein (Raymond, 1980). Spherical protein bodies were still intact in the protein 

Table 1. Effect of heat treatment and proces.~ing. on the Iy~. : ~e content and net protein 
utilization (NPU) of rice in growing rats (Eggum eraL, 1971.1984,1985; IRRI. 1984; 
Khan und E~um, 1978, 1979; Khandkcretol., 1985) 

-.--.-- ---
Percent decrease in 

Processing method Referenct? 
Lysine 

collfenf NPU 

Boilin~ 1·3 0 1 
Pressure parboiling 0 (1 1 
Noodle extruswn (35% H20, 5S"C) 0 3 
r-dn baking (220·230°C. 7-10 min) 0 0 4 
Accelerated aging (lOO"C, 3 h, se~led) 3 5 
Pan toasting 5 5 
Stack bumingb (high moisture, <l00oq 9·18 6-12 2 
Induced yellowing (60"C, 4 d, scaled) 

25-26% H2O 14·18 5 
14% H2O I 9 5 

Popped (207"C. 45 s) 16·11 5 
Extrusion cooked (15% H20, 150"C, 45 bars) 11 7-8 5 
Commcrci:ll steamed and puffed 37 5 
Commercial ril..'e krispies 53 41 7 

al (Eggum efai., 1977); 2 (Eggum et ai., 1984); 3 (Khnndkcr et al.. 1985); 4 (Khan and Eggum, 
1978); 5 (lRRI, 1984);6 (Eggum e/ al .. 1985); 7 (Khan and Eg;)um. 1979). 

b21% decrease in lysine for yellow grains and 18% decrease for white grains in stack burned 
sample, 
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masses of extrudates at 150°C and 15% moisture (Mosqueda el 01. , 1985), which 
may explain th.e only slight lysine degradation in extrusion-cooked rice. 

Milling 

Brown rice is richer in prott::in, lipid, dietary fiber, ash, and B vitamins than 
mWed rice (Juliano, 1985). Using composition data, hrown rice h3S often been 
referred to as more nutritious than milled rice. Among brown rices, protein of 
pigmented rices have lower digestibility but higher biological value (Eggum ef 0/., 
1981) (Table 2). However, NPU of red rice H4 was not significantly lower than that 
of IR32, but NPU of purple rice Perurutong was lower. Pigmented rices, particular
ly purple rice , arc rich in phenolics. These differences were essentially removed by 
milling. 

T:J ble 2 . Prop~rtics and nitrogen balance o f nonpigmented and pigmented brown rices in 
growing rats<l (Eggum elo/.. 1981) 

.--." - ~ - .------.~.~. --,-

Brown n'~e8 

Properry 
IR 8 IR32 H1 PertlYUfong 

Color Non.e None Red Purple 

Protein (N x 625) 8.0e 8 .71.1 8.0c 83b 
Lysine (g/ 16 g N) 3.86a 3.80ab 3.68b 3.78ab 
Methanul soluble phenolics 

(% as catechin) 0.02c O.Ole O.2Sb O.62a 
True N digestibility ( l}J:,) 97.1a 96.9, B3.0b 72.4c 
Biological value (%) 72 .7c 689d 801lb 81.6. 
Net protein utilization (%) 706. 66.7b 66.6b 59 .1d 

aValues 1'01' milled rict:s were 3.36-3.67 g lysine/!6 g N, 0.01-0.07% phenolics , 96.2-99.2% true 
digltlltibility. 65 .7-73.1% biological value , ilnd 65 .2-70.3% net protein utilizatio n . Means in the 
same line followed by tl1e same Ictter arc not significantl), different by DunCB n's (195 5 ) 
multiph: range test. 

Comparison of the energy and protein digestibility of brown rice and milled 
rice in rats showed high values for milled rice (Eggum er 01., 1982) (Table 3). This 
could be partly because of the higher phytal. and fiber contents in the bran of 
brown rice which reduce protein digestibility. NPU was similar in brown and milled 
rices. In preschool c.hildren red rice-milk diets wherein milk contributed 1/3 of 
dietary N, the differences in apparent protein digestibility and retention were not 
significant, and energy and fat absorption were higher in the milled rice diet than in 
the brown rice diet (Santiago et 0/., 1984) (Table 3). The true remaining nutritional 
advantage of brown rice is its higher B vitamin content (Rosuneccion et ai" 1979). 
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Although the mineral content of brown rice is higher than that of milled rice, rats 
fed brown rice have lower femur zinc concentration and Ca and P deposition also 
appears affected (Pedersen and Eggum, 1983). Phyta!e and/or fiber in bran are not 
solely responsible for this effect. 

Table 3 . Rolative nutritional properties of IR32 brown and milled rice in growing rats 
(Eggum ('/ 01 .. 1~82) and in preschool childrena (Santiago et al., 1984) 

ProperlY 

Protein content (% N x 6.25) 
Lysine content (g/16 g N) 
Neutral det~rli!ent fiber (')h) 
Energy value (kJ/g) 
True N di~estibilit y (%) 
8iological value (%) 
Net protein utilization (%) 
Digest ible energy (%) 

Brown rict! 

Rice in 5 growing rars 

8_78 
3.80 
2.6b 

16 .3. 
96.9b 
68.9, 
66 .7, 
94.3b 

Lysine (g/ 16 g N) 
Neuual dete rge nt Hhcr (%) 

Rice-milk diets in 6 preschool children 

55. 
3.2b 

Apparent N absorbed (% of intake) 
Apparent N retained (% of intake) 
ApparenL energy absorbed (% of intake) 
Apparent fat absorbed (% uf intake) 

59.7 , 8.60 
27 _3 ± 9.43 
90.1 , 1.0b 
94.3 t 1.8b 

Milled rice 

8.3b 
3.6b 
0.8. 

15 .9b 
98.40 
67.53 
66.4. 
96 .60 

5 .6. 
1.83 

63.3, 3.30 
28.9 , 2.4. 
92.0 ± l.Oa 
97.6 t L3a 

° Means in the same line followoo by the same letter are not significantly different by Duncan's 
multiple range test. Mean ± §.d . for apparent absorption and retcnti\lR data in childre n. 

The slopes of protein gradient in average and high protein grains are similar 
(Ellis 01 al., 1985). Milling (10% wt removal) mainly removes the pericarp, seed 
coat , nucellus, aleurone, and germ in rices with shallow surface ridges, with 17-18% 
loss of brown rice protein . Thus, milled rice protein content is rcadily predicted 
from brown rice protein content. 

Sulfur-Deficient Soils 

Amino acid composition of brown rice grown in sulfur (S)-deficient soil 
obt.ained by the usual acilt hydrolysis procedure without pelformic acid oxidation 
was reported lower in cysteine (lsmunadji and Miyake, 1980). Bec.use of the large 
area of S·deficient soils in Indonesia and Bangladesh grown to rice ami the wide
spread use o f rice-legume diets in these countries, samples of rices grown in S-defi-
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cient soils with and without S amelioration were analyzed for cysteine and 
methionine contents with prior performic acid oxidation. Rice contributes excess 
cystine-methionine and the legume contributes excess lysine to obtain a better 
quality dietary protein . 

Analysis of a set of samples from Indonesia and Bangladesh showed that for 
samples with normal grain weight, S-deficiency did not decrease S amino acids 
cysteine and methionine in brown rice protein although yields were low (IRRl, 
1983a) (Table 4). S analysis by X-ray fluorescence spectrometry at the University 
of Nebraska showed lhat amino acid S accounted for 43·46% (mean 44%) of total 
brown rice S (IRRI, unpublished data). A second set of field samples from Bangla
desh, however, showed 5.6 g cysteine plus methionine/16 .8 g N with S fertilization 
as compared to 4.6 gj16.8 g N without S addition (IRRl, unpublished 1985 data). 
The WHO (1973) reference amino acid pattern considers 3.7 g cysteine plus methin
nine/16.8 g N as adequate. Samples from Indonesia and Philippines are awaited for 
confirmatory analysis. 

Table 4. Properties of brown rice from sulfur-deficient soils in Ujung Pandang, Indonesia and 
Bangladesh (IRRI, 19830) 

-s +s 
Property 

Rnnge Mean Range Mean 

Indonesian samples 

All samples (n = 19) 
Brown rice protein (% at 12% H2O) 6.8·12.1 9.0 6.8-12.2 9.7 

four selected samples with similar protein cuntenls3 

Brown rice protein (% al 12% H2O) 7.2·12.1 9.3 6.8-12.0 9.2 
Mean grain wt (mg) 17 .2·27.2 20.1 18.1·27.7 212 
Cystineb (8/16.8 9 N) 2.1·2.4 2.3 2.1·2.2 2.2 
Methionineb 18/16.8 t N) 2.6·3.3 3.0 2.6·2 .9 2.7 
Cystine + methionine (gj16 .8 g N) 5.0-5.7 5.2 4.7·5.1 4.9 

Bangladesh DR3 samples 

Brown rice protein (% at 12% "20) 7.2; 76 74 6.9·7.7 7.3 
Mean grain wt (mg) 22.0; 22.8 22.4 22.7·23.2 229 
Cystineb 18/16.8 8 N) 2.1; 2.2 2.2 2.1·2 .3 2.2 
Methionineb (g/16.8 t N) 2.7. 3.2 3.0 2.8·29 2.8 
Cystine + methionine (g/16.8 g N) 4.8; 5.4 5.1 5.0-5.1 5.1 

BGemar,IR32.IR44 and GatL 
bBy performic acid oxidation . Cystine + methionine content in WHO (1973) standard amino 

acid pattern is 3.5 gf16 g N. 
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Rice Mutants and Hybrids 

Improved rice proteins have been reported in plants regenerated from 
S-2-aminoethyl-L-cysteine-Iesistant calli from PI 353705 Assam 5 (Schaeffer and 
Sharpe, 1981). The M 13 mutant showed increased protein content or lysine or both 
in the third through fiftllgeneration progeny. Confumatory analysis at IRRI on the 
M13 mutant and its parent over two generations showed lighter grains for the 
mutant, 10% higher percentage of lysine and 22% higher percentage of protein in 
brown rice than the parent but actually no difference in amount of lysine and 
protein per seed (JRRI, 1983a) (Table 5). The differences in percentage of protein 
and lysine contents were also reflected in the milled rices. 

Table 5. Mean grain properties of second- and third-generation higher lysine strain MA 13 
obtained from PI 353705 anther cultures screened against S·2..ammoethyl-L-cystcmc 
and its parent (lRRI, 1983a) 

Pl3537Q5 MA 13 

Brown rice wt (mg/grain) 19.0 14.5 
Lysine (g/16.8 g N) 4.2 4.6 
Protein content (%) 8.9 10.9 
Protein per seed (mg) L7 1.6 
Lysine per seed (mg) 0.07 0.07 

Milled rice lysine (gl16.8 g N) 3.9 4.5 
Protein oontent (%) 6.8 9.6 

SDS-polyacrylamide gel electrophoresis of this MA 13 mutant and of brown 
rice of nine endosperm mutants prepared by treating fertilized eggs with N-methyl 
N-nitrosourea (Satoh and Omura, 1981) showed normal electrophoretic pattern of 
rice proteins (IRRI, 1983b). The mutants had 6.5-9.8% protein and 3.8-4.9 g 
lysine/l6.8 g N as compared with 7.4% protein and 3.7 g Jysine/16.8 g N for the 
Kinmaze parent (IRR!, 1983b). The shrunken mutant had 9.8% protein and 4.9 g 
lysine/16.8 g N which may have been due to the greater contribution of embryo 
and bran protein in shrunken brown rice. Because glutelin is 80% of rice endosperm 
protein with only two molecular weight subunits (Zhao ef al., 1983; Tanaka el al., 
1980), a mutant with more than 5% lysine probably will involve change in the 
structure of the protein bodies. The third molecular weight 20000 subunit of 
glutelin (Juliano and Boulter, 1976) is probably contaminant crosslinked prolamin. 

Rice/sorghum and rice/wheat hybrids from the People's Republic of China 
were rechecked also for amino acid composition particularly lysine, because rice 
protein is richer in lysine (3.5-4%). than sorghum (1-2% lysine) and wheat (2-3% 
lysine) proteins (Juliano, 1985). Lysine content of four milled rice/sorghum 
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hybrids of 3.1-3.6 g/16.8 g N was closer to rice than to sorghum (IRRI, 1980). One 
rice/wheat hybrid milled sample had 4.1 g lysine/16.8 gNat 10.8% protein and with 
SDS-polyacrylamide gel electrophoretic pattern characteristic of milled rice glutelin 
(lRRI, 1983.). 

Protein Improvement 

Attempts by conventional breeding to improve the protein content of milled 
rice from 7% or brown rice protein of 8% by 2 percentage pOinlS while 
maintaining yield had not been successful because of the low heritability of and 
large environmental effect on protein content (Khush and Juliano, 1984). Brown 
rice protein content of all promising lines in the IRRI breeding is routinely 
monitored by micro Kjeldahl N analysis. With the emphasis on early-maturing 
riccs, the early-maturing lines were shown to have higher grain protein than medium
maturing varieties (IRRI, 1983b). The higher protein content may be physiological 
rather than genetic probably because of the higher level of vegetative N available 
for partitioning during grain development in the early·maturing rices. 

Protein Requirements of Rice aod Rice-Bao;ed Diets 

Although rice protein is limiting in lysine, rice diets have been calculated 
to be adequate in lysine, because other protein SOurces in the diet are rich in lysine 
(Juliano, 1985). As part of the United Nations University World Hunger Programme 
(Tor.n ef al., 1981), the Food and Nutrition Research Institute (FNRI), NSTA, 
undertook studies on the protein requiremerits of typical rice-based weaning foods 
in male preschool children (Intengan ef al., 1984; Cabrera·Santiago, 1985). Milk, 
fish, or mung bean contributed 1/3 of the total dietary N. 

Protein requirements for maintenance (PR.,,) and for 975% of the popula· 
tion (PRo.975) based on the method of Rand et al., (1977) were low for rice· 
milk and rice-fish and higher for the rice- mung bean and fR58 high'protein 
nce diets (Intengan et al., 1984; Cabrera·Santiago ef al., 1985) (Table 6). Rice· 
whole mung bean was not better than rice alone despite the higher lysine content 
of the rice·bean diet . Dehulling the mung bean by toasting slightly improved the 
protein quality of the diet. Rice·whole mung bean diet had the highest neutral 
detergent fiber content of the five diets. Protein quality based on PRo.975 of 65% 
of milk protein for IR58 milled rice diet is close to the lR58 rice (35 g lysine/I 6 
g N) NPU of 68% in growing rats (IRRI, 1984). Thus, adding lysine-rich protein 
foods that are fairly digestible, such as milk and fish, to rice improves its nutritive 
value. Legumes such as mung bean have antinutrition factors which have to be inac
tivated or removed to improve protein utilization. Milled rice, fortunately, has 
mInimal content of antinutrition factors such that its nutritional value may be 
readily predicted from protein content. 



Table 6. Protdn requiremcnt~ ami relative quality o r rice a nd rice diet s in preschoo l children based o n PR0.975 and PRm oi milk all 100'k 
(lnteng,an el 01., 1984; Cabrera-Sa ntia~(J ('1 al .. 1985) 

Di£~ 1 

Property Rice-wasted Rice·whole 
Rice·milk Rice·fish mUIlX bean mung bean fR58,ice 

Children (no .) 8 7 8 6 4 
PRam (mg N/kg body wt/day) 130 139 163 183 164 
PR30.975 (mg N/kg body wI /day) 177 189 215 250 131 
PR3 U.975 (g.ikg bod y wI/day) 1.\ ) 1.1 8 1.34 1.56 1.44 
Protdn quaHt yb ( rA, o f milk PRm) 75 71 58 54 60 
Protein qUlllil},b (1ft, of mill<: PRO.975 ) 85 80 70 60 65 
Lysine" (g/ 16 g N) 5.4 '0.1 6.7 ,0.2 4.1 ± 0.2 5.2 = 0.1 3.5 , 0.3 
Cystine + melhionin~ c <li 16 g N) 3.7 ' 0.9 4.3, 0.3 3.5 • 0.6 3.5, 0.6 4 .3' 0 .1 
Neutral deterJ:!ent liber" (',if J 3.0 ' 0 .2 2.2 • 0.3 3.5 ,0.1 S.l t O.! 2.2 to.4 

<tEnt.:rgy intake at 418 kJ /kg hody wt/d:!.y . Allowing 10 mg N/ kg body wt/day Joss (Hu<l nF: e( 01.,1980) and 15 mg N/kg body wt/day fo r 
growth (Torun et al . . 1981}. 

bBased on fRm of98mg N/kg bod y wt /d l:iY am! PRO .975 y = 1501'0.94 gjkg body wt/day fu r milk protein (Torun et 0/. , 198t) . 
C Mean +:'> = d. 
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Ern.sto J. del Rosario. Discussant 

My brief CO!lllnents on Dr. Juliano's paper shaU deviate from the L'hemical and 
nutritional studies of rice protein, whjch have been adequately discussed in the 
paper. and shaH inslead concentrate on a frontit:'r lOpit: \vhich is quite important ~ 
namely genetk engineering. The latter technique talso klluwn as recombinant DNA 
technology) may be used to increase the lysine content of rice protein. This tech
nique has tremenuolls potential. l:omparcd to traditional plant breeding methods, 
beQluse of its direct and powerful approach towards attaining a desired objective. 
One specifk str3regy, whkh could b(: tried, is to increase the number of gene copies 
of Iys.in(!'-·rkh albumin in ricc protein chromosome. 

E~Jyn Mae Tecson-Mendo7.a, DiscU.l\Sallt 

Rice is <':otlslllllcd as a m'ljor st.aple food by about 1.8 billion people aU over 
the wurld , 9(y'1r, of whom are in Asia. Where rice is a major source of calories, rice is 
also an important souro.:e of proteins. Thus, studies un factors affecting the nutri· 
tional quality of rtee protein are beneficial to a great number of people, and tJlOse 
that need these benefits most. 

This paper [Of uses on issues that could have applications and rcpercu);Siuns in 
agrkulture, the food industries a~ well as in the household kitchen. 

Some of the more important points tltis paper brings out are the following: 

l. Heat processing that decreases lysine content through the formation of 
lysinoalanine, like stack burning or yellowing, popping, extrusion cook
ing and puffing abo docreases net protein utilization (NPU). 

2. Although brown rice has higher protein and fat, milled rice has better 
protein and energy digestibility because of the iligher phytate and fiber 
contents of the bran of brown rice. Thus, the only nutritional ad· 
vantage of brown rice is its high vitamin B content. 

3. Pigmented rices have lower protein digestibility (PD) and sometimes 
lower NPU due to their high phenolic contents which upon removal by 
miUing result~ in an Significant increase of PD and NPU to levels of 
white miUed rice. 

4. Rice-mungbe.n diet has lower protein quality than ricc alone. This may 
be dUt.! to some antinutritional factors present in mungbean. Toasting 
which removes the phenolics and neutral detergent fiber (through the 
removal of the hull) increases the protein quality. This supports other 
local studies t1Jilt dehulling improves the quality of mungbean. 

5. It is important to note that although conventional breeding to improve 
protein content of rice has been stopped, other techniques like induced 
mutation by chemical means are still continued. Wide crosses between 
rice and sorghum and rice and wheat have been made towards this end. 
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6. 

Trunsactions Nat ional Academy of Science 

With growing emphasis on the more efficien, usc of marginal lands, 
studjes on the effect of mineral deficiency or excess similar to the study 
on the effect of S-deficiency all the rice prot.ein quality should be 
expanded. 

• 




