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Rice Grain Properties and
 
Resistance to Storage
 

Insects: A Review'
 

ABSTRACT 

The physicochemical factors contributing to rice resistance to stored-grain insects 
include tight hull, degree ot milling, grain hardness, high amylose content and 
high gelatinization temperature of endosperm starch, and low moisture content. 
Little work has been done on attractants and repellants in bran from rices with 
resistance to storage insects. Insects residing in grains prefer larger, heavier­
grained rice varieties. 

High amylose content and, to some extent, high gelatinization temperature
contribute to low grain equilibrium moisture content at relative humidities above 
75%. They also contribute to poorer digestibility of raw starch granules to insect 
a-amylase. 

'By B.O. Juliano, Chemistry Department, International Rice Research Institute, Los Baios, Laguna, Philip­
pines. Based on the paper delivered 13 June 1980, at the Training Course on Pests of Stored Products,BIOTROP(Seameo Regional Center for Tropical Biology), Bogor, Indonesia. Submitted totheIRRI Research
Paper Series Committee 14 January 1981. 
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Rice Grain Properties and Resistance
 
to Storage Insects: A Review
 

Recent rcviews (F3hatia 1976. Russell and Coghurn 1976)rellc,'t litte systematic study that correlates varietal resist-
ance of rio to storage insect pests with physicochemical
properties of the grain. Most studies have used regional
satples. %hich represent onil a fraction of the range of rice 
grain properties.Colparison of insect resistance data on rice is compli-
cLrtcd by the use of different hioassay techniques by various 
c'ntornologists (Russell and Cogburn 1976). In addition, 
physicochernical properties of the rice varieties seldom ha,Vebeen analy/cd simultanoutsly inl the studies. Susceptibilityindexes include dcvcloplental time of insects, number of F, 
progeny. oviposition preference, weight and length of FI 
progeny. \cight loss of rice grain, and milling loss. Lossvariahle results \yerc achieed when eggs rather than adults
wkere used for screening varieties (Russell 1976).

It has been estimated that infestation in commerciallh 
grown I.S. long-grain rice could be reduced to <50w if
currently existing resistant rice varieties were grown (Rus-
sell and Cogburn 1976). 

COVEtRING SIRuCILRES OF RICE GRAIN 

The grain of rough rice consists of the covering structures 
(hll or husk) and the fruit or caryopsis (brown rice), 

Hull
The hull comprises 18 to 25c1 of the rough rite. Breese
(1960) found that an intact, tight hull contri.iutej to resist-
ance to the rice weevil Sitophilus orzae (L.) and the lessergrain borer Rhizolertha dominia (F.). Cohen and Russell
(1970) noted that varieties with imperfect hulls had more 

damage by Angoumois grain moth Sitotroga cerealella 
(Olivier). Imperfect glumes contributed to susceptibility ofrough rices to rice weevils (Russell 1968). Cogburn (1974)
confirnied hull intactness as a resistance factor to the lesser 
grain borerand the Angoumois grain moth, but recognized 
the existence of other factors (Table 1). Hull thickness didnot significantly correlate with mean percentage of damage
to rough rice by the Angoumois grain moth (r= 0.10,n =9)
(Abraham and Thomas 1969). 

Bran layers 
The brown rice consists of the starchy endosperm and
embryo enclosed by thick-walled bran layers of the peri­
carp, seed coat, nucellus, andaleuronelayer(Juliano 1980).Milling removes the embryo (1-2 %of brown rice) and the'
bran layers. A 10% (by weight) bran-polish removal gives a 
well-milled endosperm (milled rice).

Brown rice and hand-pounded rice are infested by the rice 
weevil Sitophilus orvzae (L.) to a greater extent during
storage than milled rice or milled parboiled rice (Bishara et 
al 1972, Pingale et al 1957). In addition to the rice weevil, the 
lesser grain borer, the confused flour beetle Tribolium con­

.fisun Jacquelin du Val, and the Indian mill moth Plodiainterpunctella (Huebner) all tend to decrease in numbers
with an increasing degree of milling in three rice varieties 
(McGaughey 1970). Similar results were obtained with four 
other insect species (McGaughey 1974). McGaughey (1973)reported greater progeny development of the lesser grain
borer on brown rice than on rough rice or milled rice of four 
rice varieties. 

Differences in relative susceptibilities of Egyptian rough
and brown rices to rice weevils have been reported (Bishara 

Table 1.Apparent susceptibility of roughrice to three Insects, and roughrice and milled rice properties of six U.S. varlet'..Progeny on rough rice b (no.) Rough riceVariety Rice Lesser Milled rice ana.y..iscAngoumois Imperfect Length- 1000- Amylose Final Alkaliweevil grain grain glumesb widthc grain () gel. spreadingborer moth (/) ratio wtC (g) temp. value
 
Calrose 
 21 b 146a 280a 21a 2.5 25 (OC)Nato 31a 76 cd 204 b 19 65 7.018ab 2.6 23Belle Patna 48a 95 bc 168 c 14 b 

15 67 6.33.9 22Colusa 7 c 65 de 225 b 13 bc 
24 73 3.62.1 30Bluebelle 14 bc 109 b 167 c 10 
18 66 6.5c 3.9 24Dawn 5 c 42 e 110 d 2 
24 74 3.7d 3.9 22aSource: Cogburn 1974, Webb 1975. 25 73 3.9bData in the same column followed by acommon letter are not significantly different at the 1%level(Cogburn 1974). CSource: Webb 1975. 
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et al 1972. Koura et al 1 )7.Coghurn (1974) reported a 
,,imil,ir numbcr of F< progcny on brown rice of six varieties 
in no-hoice cx periments with rice ecvil. lesser grain borer, 
and Ang nnlos grain moth Nhere rough rices showcd dif-
Icicntial i eponses. More progeny of tile lesser grain borer 
dcs eloped on brmo, n rice than oil rough rice or milled rice. 
and the I )assn s,aticts was motre resistant than three otheran th in \in roah nrcesstan mtlld('.. ariltcs trice formrit) rtough rice and milled rice forms 

LactorS other than hull tightness do not affect oviposition 
rate or larsal ino~rtalit but \or k against the young laxae 
before the\pcnetr;itc the seed (Coghturn 1974).

)thel (relkct are coblndo pests ofn rice bran. The hectei 
tel/icomonWlker ar est ot icebra. Th betle 

sirv ived on rice hran with oil contents of 0, 2.5, 5. 7.5. and
10)"ibut tntrtalitv \%as greatest at 01*( ((Golob and Ashman 

1974). [hc almond moth failed to survive on rice bran with 0 
or 2.51*oil content and growth was retarded at 5and 7.5(1 
oil content. [he results mav reflect the insect's metabolic 

I \t))l'IRM I'RO'!R I II.S 

Dimensions and hardness 

For insects, such as the rice weevil and the lesser grain borer,
%%hose larvae inhabit the endosperm. variUtal susceptibility 
secms to be related to grain width and weight. Sikder (1965) 
reported that the Angoumois grain moths reared on large-
grain rice varieties were bigger than those reared on small-
grain varieties. Abraham and Thomas (1069) found a posi-
tive, but not significant, correlation (r = 0.43, n = 9) between 
fineness (length-breadth ratio) and mean percentage of 
damage to rough rice by the same moth. Brown-rice width 
and wveight correlated positively with the index of suscepti-
bilitv (l)obie 1974) to rice weevil Sitolhius zeamais 

Motsch. (Morallo-Rejesus et al 1980) (Table 2). Seshagiri 
Rao (1953) found over a 6-month period that, although 
initially the coarse brown rice was most preferred, fine-grain 
milled rice was more attractive for rice weevil breeding than 
medium- and coarse-grain brown rices. 

Grain crushing hardness of brown rice correlated posi­

tivelv with brown-rice resistance to rice weevil based on 
mean developmental period, progeny number, and progenyweight (Rout et al 1976) (Table 3). Brown-rice hardness, 
based on resistance to grinding (wt percentage >0.177 mm 
after grinding in a Wig-L. "'jg amalgamator), correlated 
negatively with index of susceptibility (Dobie 1974) and 
progeny adult weight of the rice weevil (Morallo-Rejesus et 
al 1981) (Table 2). 

a b0eo hai w g at> t ei
Parboiling or heating wet grain at > 100C to gelatinizethe starch without much grain expansion is known to 

improve milling quality and to increase grain hardness 
(Raghavendra Rao and Juliano 1970). McGaughey (1974) 
reported that parboiled milled rice was less suitable than 
raw milled rice (of one variety) for progeny production by 
seven insects including rice weevil. However, longer-term
storage by Pingale et al (1957) did not show any advantage 
of parboiled milled rice over raw milled rice in susceptibility 
to infestation by rice weevil. 

Starch amylose content 
Milled rice consists of 90%,starch and 8%protein, dry basis. 
Starch granules, which occur as 3-9 pm compound gra­
nules, are confined mainly to the endosperm of the mature 
rice grain (Juliano 1980). Starch consists of two major 
fractions -...a branched fraction, amylopectin, and a linear 
fraction, amylose. 

Milled rice is classified into amylose types waxy (gluti­
nous, 0-2ci amylose, dry basis) and nonwaxy (nonglu­
tinous). The latter is further classified into low (8-20%), 

Table 2.Range of properties of rice grain and susceptibility of brown rice samples to the rice weevil 
and their correlation coefficients.a 

Correlation coefficientsb with 
Susceptibility or Range of Index of Progeny adult Graingrain property values suscept- Length Weight loss 

ibilityc (wt% )
Index of susceptibilityc 10.4-15.0 1.00 0.68- 0.63* 0.47Progeny adult length (mm) 3.8- 4.6 1.0O 0.42 0.46
Progeny adult wt (mg) 1.0- 1.5 1.00 0.16
Grain loss (wt %) 1.6- 5.9 1.00 
Brown rice 

Width (mm) 2.0- 2.8 0.59" 0.52 0.41 0.34
Weight (mg) 14.4-25.0 0.59* 0.74" 0.34 0.63*Hardness (%>0.177mm) 32.0-47.5 -0.62' -0.41 -0.79"* -0.32 

Milled rice 
Amylose content (%) 1.6-29.1 -0.38 -0.56* -0.34 -0.12
Alkali spreading value 2.0- 7.0 -0.37 --0.03 -0.40 0.09
Protein content (%) 5.0-13.4 -0.28 -0.10 0.03 -0.01 

'Source: Morallo-Rejesus et al 1981. bSignificant r valugs: 5% = 0.514; 1%= 0.641.c In (progeny no.) X 100 (Dobie 1974). 

Mean dev. period 
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Table 3.Relationship between susceptibility of brown rice to the rice weevil and grain hardness andalkali spreading value of eight rice varleties." 

Variety 

Raleswari 
PadiTa 
Herna 
Kumar 
Ratna 
IR8 

OR-10-26 
Vilaya 

Susceptibility based 

Mean Progeny
developmental No. W1 (mg) 
petiod (days) 

397 19.0 1.58 
40 1 17 5 1.48 
418 12.5 1.45 
423 11.0 1.41 
42 8 8.5 1.35 
424 8.5 1.34 
433 6.0 1.34 
436 4.5 1.32 

S e of mean 090 1.40 0.017 
Source Rout et al 1976 
In (progeny no)
 

Mean dev period 100 (Qobie 19741.
 
Values at IRRI lor different samples of the r'ame variety (Juliano and Pascual 1980). 

intermediate (20-25i1). and high (25-321*). Amvlose con-
tent is related in ,rsclv to tenderness and stickiness scores of 
cooked milled rice (.lllialt 1979).Abraham ct ril (1972) reported the absence of any re-
lationship beteel atlvose cotteti ad infestation of 

b the cne aVariety
rough rice by fhe ,',ngoulois grain moth. but the most 
susceptible \arictv. lainan 3. had tile lowest amylose con-
tent. Chattcrii cl i i 977) also did not lind any significant 
relationship bhetwt tile exteRt of damage to rough rice by-
the Angoumois grain moth and amvlose content, although 
the amylose values of the rice thev ulsed were lower than 
reported for high-atnylose Indian varieties (.Juliano and
Pascual 1980). %orallo-Rcjcsus et A 11981 ) found a nega-

tive but not significant correlation between a mylose content 
and the index of susceptibility of 15 brown rices to the rice 
weevil. Waxy starch granules have a lower density than 
nonwaxy starch granules (Juliano 1980). Verma et al (1979) 
reported that among six I R R I rices tested, milled rice of the 
low-amylose ( 16() varietv IR24 had a shorter developmen-
tal period, higher percentage of adult emergeri,. and heav-
ier adults of the almond moth compared to five high-
amylose (26-28) IRRI rices (Table 4). 

Althou,;h no absolute resistance to insects has been re-
ported, Vohra et al (1979) found that red lour beetle larvae 
grew better on diets with waxy cereal starch or California 
milled rice flour as carbohydrate source. With a set of 16 
brown rice samples, final laral weight correlated negatively 
with the amylose content of rice (Vohra et al 1980) (Fig. I). 
A similar correlation was observed for milled rice but 
growth was faster on milled than on brown rice. Larval 
weights were highest for waxy and low-amylose rices. The 
data reflect the relative digestibility of raw starch granules to
a-amylase (Evers and Juliano 1976). 

Starch gelatinization temperature 
Another property of starch important to grain quality is 
final g,:latinization temperature (Juliano 1979). It represents 

Index ot Grain AlKali 

suscept- hardness spreading
ibility" (kg/cm) value 

7.42 4.7 7.0 
7.14 4.8 7.0 
6.04 4.9 7.0 
5.67 5.4 6.6 
5.00 5.7 6.2 (5 .6 )c 
5.05 5.8 5.1 (7 .0 )c 
4.14 6.2 4.5 
3.45 7.1 4.5 (6.2)c 

0.03 0.10 

Table 4. Relative susceptibility of brown and milled rice of IRRI 
varieties to alnnt; -otha and their amylose and alkali spreading
value.b 

Susceptibility based on IRRI datab 
Mean Adult Wt of Amylose Alkalideveiopmental emergence adult content spreadingname period(days) (/) (mg) / value' 

IR24 28.4 57.8 2.38 16 7 (L) 
IR36 31.0 46.7 1.67 28 5 (I) 
IR 32.1 48.9 2.17 28 7 (L)IR30 35.5 33.3 1.95 26 4(l)IR26 35.8 48.9 2.00 28 7(L) 
IR20 48.2 17.8 1.90 27 4 (I) 
C.D.(5%) 0.38 2.04 0.077

aSource: Verma et at 1979 bSource: Juliano and Pascual 1980. cLet 

ters in parentheses are gelatinization type: L low; I= intermediate. 

Fil loav w (ig 

20 0 RAX - 202.0 
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Fig. I. Red flour beetle larvae fed rice-based diets 
were heavier when starch had low amylose content
for both brown and milled rices (Vohra et al 1980).Growth was also faster on low-gelatinization-temper­
ature (GT) milled rices among high-amylose samples. 
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the tenperature at Mhich more than 95(f of tilestarch 
granules ha',c s%solen tiiescislbi it, hot %%'ter. I his prop-
its\arie,, from 55 t,,gll("in 1ic (.Uuliano 1979). 

ielatti .,atlolltemperatltue I,,nitited in tileIRRI 
breeding pitOglittnl h tie dkali ,preading ",alees t1I.ittleCtI I58 Io, -­' 
ntermcdiate 4-5. high-interniediate 3.
and high I-2 .,lkali"preading %aileshae been reported to 
cOII.latC tlega ti\cl,, \,iIIdcsCIopmeital period, progcinv
rlttihc. aInd prjglnw.\ciglht ot rice \Cesil oineight bro%, i 
ices (Rout ct al 19761 1lable 3). But. the reported alkili 
alucs diiered lolludati t n other samples of tilesame 
a ictic,, (Juliato and t.Ascta 1980) (lable 3), Alkali

spliCalling \saluescor ,-Iatcd negatiscly \with cracking hard-
licss of .iglht riccs (Rutt etal It976). btt contrasting correla-
tio ts \%ere obtained with diffcrent sets of samples (IRIRRI 
19'70). 

Relatis e i.mportance ef am.,lose content and gelatinization
temperature 
It \'ohr; ctal's study 11981), the red lour beetle larvae wcre 
fed rice as a carbohydrate source. The larvae tended to be 
heavier Mheti fed intermediate- and high-amylose rices 
C "21071 with alkali spreading values of 6-7. than when fed
sitrilar antylose-content rices with loscr alkali spreading
salties (Fig. I I. Although tlte simple correlation coefficient 
Nkas not significatit. partial correlation coefficient of larval 
%%eight\with alkali spreading value. independent of amylose 

content. \kas 0.69** (ii- 16). 
 lie correlation betweer alkali 

spreading value and index of susceptibility of 15 brown rices 

to rice weevils also was 
 not significant (Morallo-Rejesus

1981,. Although both factors directly affect tilerate and 

extent of corrosion of starch granules by HCI (Maningat
and .luliano 1979). amlvtose seems to be a more important
factor affecting digestibility of rice starch granules than 
gelatit'iiatiol temperature (Motallo-ReJesus et al 1981).

Kruerklai (1979) reported no significant correlation be-
tween indexes of'susceptibility(according to Dobic 1974) of
19 Indonesian milled rices to the rice weevil and the lesser 
grain borer and grain properties weight, length, width. 
amylose, alkali spreading value, gel consistency, and pro-

tein. Indexes of susceptibility to the two insects notwere 
correlated. However, among 5 IRRI high-amylose varieties 
and Taichung Native I, susceptibility tended to correlate 
with alkali spreading value of 6 to 7, except in IR26 (Table 
5). 

Interpretation of storage insect resistance data of U.S. 
\arieties iscomplicated by the relationship between specific
grain types with amylose content and gelatinization tern­
perature. '[he medium-grain variety Nato (^-15% amylose,
gel. temp. 67r.C) is more susceptible than the long-grain
variety )awn (-25'i amylose, gel. temp. 73°C) in rough
rice form to Angoumois grain moth (Cogburn 1974, kussell 
1976), rice weevil (Cogburn 1974, 1977a), and lesser grain
borer (Cogburn 1974) ([able I); and in milled form to the 
confused flour beetle, the lesser grain borer, and rice weevil 
(Mc(iaughey 1974). The other long-grain varieties such asPlelle Patna and Bluebclle, however, were not as resistant as)awn (Table I). 

The importance ofamylose content and alkali spreading
value on susceptibility of rough rice to Angoumois grain
moth is also suggested by the insect data of Russell (1976)
and published data on the U.S., French, and Asian rices he 
tested (Juliano and Pascual 1980, Suzuki and Juliano 1975,
Webb 1975) (Table 6). Low-amylose rices, except Cesariot, 
were more susceptible to the moth than intermediate- and 
high-amylose rices. Varieties with alkali spreading values of 
3.5-4.0,except Delta, were more resistant to the moth than 
those with alkali spreading values of 6.2-7.0 (low gelatiniza­
tion temperature). Among the three high-amylose rices, IR8
 
(alkali spreading value of 7.0) 
was more susceptible than
 
I1R5 and Peta (alkali spreading value of 4.0).
 

Moisture content 
High moisture content brought about by high relative 
humidity favors the development of high infestations of 
rough rice by rice weevil and lesser grain borer (Breese
1960). At >75wj relative humidities, waxy rice has higher
equilibrium moisture content than nonwaxy rice (Antonio
and Juliano 1973, Juliano 1964). In addition, intermediate 
to high gelatinization temperature of starch granules con-

Table 5. Varietal resistance of milled rice to rice weevil and red flour beetlea and properties of themilled rice." 'b 

Variety 

IR34 
Taichung

(Native) 1 
IR20 

IR36 

IR26 

IR32 


Index... . ... 


Variety Red flour 100-grain
Rie __sce-liie wi (g) 
weevil beetle.... ..........
. . ... .value
 

11.3a 6.5ab 1.64 

8.9 bc 
8.6 bc 
7.5 bc 
6.7 c 
3.7 d 

7.4a 
5.9 b 
1.6 d 
4.4 c 
1.3 d 

1.56 
1.38 
1.56 
1.49 
1.47 

Grain M illed 
rice analys isb 

width Amylose(%) Alkalispedn Protein(/) 

(nm) spreading N 

2.19 -28 7.0 -8 
2.59 
2.47 
2.21 
2.50 
2.18 

28.1 
-26 
-28 
-28 

-28 

6.7 
-5 
-5 

7.0 
-5 

6.6 
-9 
-8 
-8 

-8aSource: Kruerktai 1979. bSource: Juliano and Pascual 1980. CValues in the same column followedby the same letter are not significantly different from each other at 1%level by the F-test (Kruerklai1979). 
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Table 6.Susceptibility of rough rice of commercial varieties to Angoumols grain moth and their milled 
rice properties. 

Variety 


Saturn 

Euribe 
Nato 
IR8 


Della 
Balilla 
Cesariot 
Laoelle 
IR5 


Dawn 

Peta 

reMoth ...y s....

progeny' ,mylose 


(no.) content 
(%)


156a 15 
153a 18 
146a 15 
121 b 28 

119 b 24 
83 c 22 
80 c 18 
67 c 25 
65 c 28 

38 d 25 

27 d 29 


.... Milled rice property 
Alkali 

spreading 
value
 

6.2 
7.0 
6.3 
7.0 

3.9 
7.0 
7.0 
3.5 
4.0 

3.9 
4.0 

Source of data 

Webb 1975 
Juliano and Pascual 1980 
Webb 1975 
Juliano and Pascual 1980, 

Suzuki and Juliano 1975 
Webb 1975 
Juliano and Pascual 1980 
Juliano and Pascual 1980 
Webb 1975 
Julia, io and Pasc,.al 1980, 

Suzuki and Juliano 1975 
Webb 1975 
Juliano and Pascual 1980, 

Suzuki and Juliano 1975 
"Values followed by the same ietterare not significantly different at the 5% level by Duncan's multirle 
range test (Russell 1976). 

tributes to lover equilibrium water con:',nt of steeped 
grains among high-amylose rices (IRRI 1980) and among 
intermediate-amylose and waxy rices (Merca 1980). Values 
range from 31 to 48,'j wet basis for milled rice and from 29 
to 391"i for brown rice. 

Protein content 
Protein exists in the rice endosperm in the form of single-
membraned 0.5-4 pm particles called protein bodies (Juli-
ano 1980). Protein content ishigher in the bran layer than in 
the endosperm, but an increase in protein content ismainly 
an increase in the number of endosperm protein bodies, 
Protein bodies of ihe aleurone layer are morphologically 
different from those of the endosperm and contain globoid 
(phytate) inclusions. Protein content was reported to be 
unrelated to resistance of brown rice to rice weevil (Morallo-
Rejesus et al 198 1, Rout et al 1976) and of rough rice to the 
Angoumois grain moth (Abraham and Thomas 1969, 
Abraham et al 1972). By contrast, low proteir content was 
observed to contribute to resistance of rough rice to the 
Angoumois grain moth but the relationship is not distinct 
(Chatterji et al 1977). Protein may not be a limiting nutri-
tional factor to insect infestation and growth on rice grain. 

Unlike wheat, rice does not contain an a-amylase inhibi-
tor (I RRI 1980, Kneen and Sandstedt 1946). The rice grain, 
particularly the bran and embryo, however, contains pro-
tease inhibitors, which are either proteinaceous (Toshiro 
and Maki 1978) or phytate (Kanaya et al 1976). The pres-
ence of polyphenols in pigmented rices has not been fully 
investigated. 

OTHER FACTORS 

Ccgburn (1974) found adefinite nonpreference for the U.S. 
variety Dawn over five other varieties by the rice weevil, the 
lesser grain borer, and the Angoumois grain moth, which 

was not directly related to percentage of imperfect glumes 
(Table I). Survival rates of Angoumois grain moth F, pro­
geny on rough rice of 780 varieties from the United States 
Department of Agriculture world collection ranged from 
1%to more than 82% (mean 33%) and showed a bimodal 
distribution pointing to the existence of more than one 
resistance factor (Russell and Cogburn 1976). X-ray exami­
nation and grain dissection indicated that whatever factors 
were operating were still affecting the young larvae before 
they entered the seeds. Further screening of II I resistant 
varieties suggested that 37 of them showed strong indication 
of resistance (Cogburn 1977b). The Angoumois grain moth 
was reported to have varietal preference for rough rice both 
in the field and during laboratory storage for 2years among 
67 varieties (Kittur and Patel 1972). 

Further studies on the nonpreference factors in Dawt oy 
Cogburn (cited in Russell and Cogburn 1977) suggested 
that: 

* brown-rice flour and rough-rice flours have significant 
varietal effects on larval development, 

* larval survival ratesare affected significantly by rough­
rice flours, and 

* flours of several varieties, whether rough rice or brown 
rice, adversely affect both development and survival. 

On the other hand, Russell (cited in Russell and Cogburn 
1976) using a modified Chamberlain olfactometer (Honda 
et al 1969a) and the Angoumois grain moth, noted that: 
• rough rice arrests significantly fewer larvae than brown 

rice, 
o varietal effects are significant whether brown or rough 

rice is used, and 
0 varietal differences are accentuated in brown rice as 

compared to rough rice. 
With diets contributing 10% protein from yeast-soybean 

protein mixture, Vohra et al (1970) found slower growth of 

http:Pasc,.al
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red flour bectle on hro%;n rice than on milled rice. 

An ittractant to rice %%.c% II. 
 :'av i.s hi,. been isolated 

Iron rice hull. %%hich is acidic in nature (ltIonda ct al 
19,9,ib). ,,ubSCquent of)tudien dieth~l ether extracts of 
nlai/c and rice grain sho%%ed that the attractants are present
ill bro., n and milled rice (Yanianoto ct al 1976). Maime and 
rice hian oils also contain the attractants. Mai/e contains a 
strongcr attrtctancvy than rice probably because of its larger 
cinhr o anrid higher oil content. The attractants are readily
e\tracted \ ithdicle thcrand arc present in thcacidicand 
neutral iractions. later studies on maie confirmed that 
he\anoic acid presented the major contribution to the 
attractancy as a single compound but y-nonalactone and 
2-phcns\1 ethanol had the strongest specific attraction 
[Yarnarnoto c al 19510 ['1). 

Strong aroma also has been reported to be related to 
resistance of rough rice to the Angoumois grain moth (Chat-
teri et al 1977). tobut aroma tended to be confined 
superfine-grain Indian varieties like tadshabhog and T. 
412. lus, resistance may be related to the narrow grain of 
the aromatic varieties rather than to aroma per se. 

tM IT'ICAttONS(F RIES[ARCH 

Storage los cs are becoming more serious as more countries 
achieve self-sufficiency in rice production. Varietal resist-

ance to rice storage insects is a potential means of reducing
postharvest losses of the rice crop. 

The importance of tight hull as a resistance factor for 
rough rice needs to be '.erified and possibly included as a 
breeding objective. A tight hull probably also minimizes 
microbial population inside the hull (brown rice surface)
and improves parboiling quality ofrough rice by preventing
the overexpansion of the gelatinized grain. However, the 
contribution of tight hull to the difficulty of dehulling the 
grain needs to be established. 

The contribution of grain hardness to varietal resistance 
of milled rice to storage insects is understandable. Grain 
hardness contributes also to higher total md head-rice yield
(Juliano 1979) but hardness is difficult to measure. Addi­
tional research to fully determine the interrelationship 
among grain hardness, grain quality factors now routinely
screened in the rice breeding program - protein and amy­
lose iuntents, alkali spreading value, and gel consistency 
-- and varietal resistance to major storage insects is needed. 
Such study will lead to a better appreciation of how these 
grain properties affect the physical properties of the endos­
perm, including grain hardness. 

Detailed studies on the resistance factors to storage
insects should preferably use pairs of sister lines differingmainly in the particular property being studied to make the 
results definitive. 
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Rice Grain Properties and
 
Resistance to Storage
 

Insects: A Review'
 

ABSTRACT 

The physicochemical factors contributing to rice resistance to stored-grain insects 
include tight hull, degree ot milling, grain hardness, high amylose content and 
high gelatinization temperature of endosperm starch, and low moisture content. 
Little work has been done on attractants and repellants in bran from rices with 
resistance to storage insects. Insects residing in grains prefer larger, heavier­
grained rice varieties. 

High amylose content and, to some extent, high gelatinization temperature
contribute to low grain equilibrium moisture content at relative humidities above 
75%. They also contribute to poorer digestibility of raw starch granules to insect 
a-amylase. 

'By B.O. Juliano, Chemistry Department, International Rice Research Institute, Los Baios, Laguna, Philip­
pines. Based on the paper delivered 13 June 1980, at the Training Course on Pests of Stored Products,BIOTROP(Seameo Regional Center for Tropical Biology), Bogor, Indonesia. Submitted totheIRRI Research
Paper Series Committee 14 January 1981. 
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Rice Grain Properties and Resistance
 
to Storage Insects: A Review
 

Recent rcviews (F3hatia 1976. Russell and Coghurn 1976)rellc,'t litte systematic study that correlates varietal resist-
ance of rio to storage insect pests with physicochemical
properties of the grain. Most studies have used regional
satples. %hich represent onil a fraction of the range of rice 
grain properties.Colparison of insect resistance data on rice is compli-
cLrtcd by the use of different hioassay techniques by various 
c'ntornologists (Russell and Cogburn 1976). In addition, 
physicochernical properties of the rice varieties seldom ha,Vebeen analy/cd simultanoutsly inl the studies. Susceptibilityindexes include dcvcloplental time of insects, number of F, 
progeny. oviposition preference, weight and length of FI 
progeny. \cight loss of rice grain, and milling loss. Lossvariahle results \yerc achieed when eggs rather than adults
wkere used for screening varieties (Russell 1976).

It has been estimated that infestation in commerciallh 
grown I.S. long-grain rice could be reduced to <50w if
currently existing resistant rice varieties were grown (Rus-
sell and Cogburn 1976). 

COVEtRING SIRuCILRES OF RICE GRAIN 

The grain of rough rice consists of the covering structures 
(hll or husk) and the fruit or caryopsis (brown rice), 

Hull
The hull comprises 18 to 25c1 of the rough rite. Breese
(1960) found that an intact, tight hull contri.iutej to resist-
ance to the rice weevil Sitophilus orzae (L.) and the lessergrain borer Rhizolertha dominia (F.). Cohen and Russell
(1970) noted that varieties with imperfect hulls had more 

damage by Angoumois grain moth Sitotroga cerealella 
(Olivier). Imperfect glumes contributed to susceptibility ofrough rices to rice weevils (Russell 1968). Cogburn (1974)
confirnied hull intactness as a resistance factor to the lesser 
grain borerand the Angoumois grain moth, but recognized 
the existence of other factors (Table 1). Hull thickness didnot significantly correlate with mean percentage of damage
to rough rice by the Angoumois grain moth (r= 0.10,n =9)
(Abraham and Thomas 1969). 

Bran layers 
The brown rice consists of the starchy endosperm and
embryo enclosed by thick-walled bran layers of the peri­
carp, seed coat, nucellus, andaleuronelayer(Juliano 1980).Milling removes the embryo (1-2 %of brown rice) and the'
bran layers. A 10% (by weight) bran-polish removal gives a 
well-milled endosperm (milled rice).

Brown rice and hand-pounded rice are infested by the rice 
weevil Sitophilus orvzae (L.) to a greater extent during
storage than milled rice or milled parboiled rice (Bishara et 
al 1972, Pingale et al 1957). In addition to the rice weevil, the 
lesser grain borer, the confused flour beetle Tribolium con­

.fisun Jacquelin du Val, and the Indian mill moth Plodiainterpunctella (Huebner) all tend to decrease in numbers
with an increasing degree of milling in three rice varieties 
(McGaughey 1970). Similar results were obtained with four 
other insect species (McGaughey 1974). McGaughey (1973)reported greater progeny development of the lesser grain
borer on brown rice than on rough rice or milled rice of four 
rice varieties. 

Differences in relative susceptibilities of Egyptian rough
and brown rices to rice weevils have been reported (Bishara 

Table 1.Apparent susceptibility of roughrice to three Insects, and roughrice and milled rice properties of six U.S. varlet'..Progeny on rough rice b (no.) Rough riceVariety Rice Lesser Milled rice ana.y..iscAngoumois Imperfect Length- 1000- Amylose Final Alkaliweevil grain grain glumesb widthc grain () gel. spreadingborer moth (/) ratio wtC (g) temp. value
 
Calrose 
 21 b 146a 280a 21a 2.5 25 (OC)Nato 31a 76 cd 204 b 19 65 7.018ab 2.6 23Belle Patna 48a 95 bc 168 c 14 b 

15 67 6.33.9 22Colusa 7 c 65 de 225 b 13 bc 
24 73 3.62.1 30Bluebelle 14 bc 109 b 167 c 10 
18 66 6.5c 3.9 24Dawn 5 c 42 e 110 d 2 
24 74 3.7d 3.9 22aSource: Cogburn 1974, Webb 1975. 25 73 3.9bData in the same column followed by acommon letter are not significantly different at the 1%level(Cogburn 1974). CSource: Webb 1975. 
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et al 1972. Koura et al 1 )7.Coghurn (1974) reported a 
,,imil,ir numbcr of F< progcny on brown rice of six varieties 
in no-hoice cx periments with rice ecvil. lesser grain borer, 
and Ang nnlos grain moth Nhere rough rices showcd dif-
Icicntial i eponses. More progeny of tile lesser grain borer 
dcs eloped on brmo, n rice than oil rough rice or milled rice. 
and the I )assn s,aticts was motre resistant than three otheran th in \in roah nrcesstan mtlld('.. ariltcs trice formrit) rtough rice and milled rice forms 

LactorS other than hull tightness do not affect oviposition 
rate or larsal ino~rtalit but \or k against the young laxae 
before the\pcnetr;itc the seed (Coghturn 1974).

)thel (relkct are coblndo pests ofn rice bran. The hectei 
tel/icomonWlker ar est ot icebra. Th betle 

sirv ived on rice hran with oil contents of 0, 2.5, 5. 7.5. and
10)"ibut tntrtalitv \%as greatest at 01*( ((Golob and Ashman 

1974). [hc almond moth failed to survive on rice bran with 0 
or 2.51*oil content and growth was retarded at 5and 7.5(1 
oil content. [he results mav reflect the insect's metabolic 

I \t))l'IRM I'RO'!R I II.S 

Dimensions and hardness 

For insects, such as the rice weevil and the lesser grain borer,
%%hose larvae inhabit the endosperm. variUtal susceptibility 
secms to be related to grain width and weight. Sikder (1965) 
reported that the Angoumois grain moths reared on large-
grain rice varieties were bigger than those reared on small-
grain varieties. Abraham and Thomas (1069) found a posi-
tive, but not significant, correlation (r = 0.43, n = 9) between 
fineness (length-breadth ratio) and mean percentage of 
damage to rough rice by the same moth. Brown-rice width 
and wveight correlated positively with the index of suscepti-
bilitv (l)obie 1974) to rice weevil Sitolhius zeamais 

Motsch. (Morallo-Rejesus et al 1980) (Table 2). Seshagiri 
Rao (1953) found over a 6-month period that, although 
initially the coarse brown rice was most preferred, fine-grain 
milled rice was more attractive for rice weevil breeding than 
medium- and coarse-grain brown rices. 

Grain crushing hardness of brown rice correlated posi­

tivelv with brown-rice resistance to rice weevil based on 
mean developmental period, progeny number, and progenyweight (Rout et al 1976) (Table 3). Brown-rice hardness, 
based on resistance to grinding (wt percentage >0.177 mm 
after grinding in a Wig-L. "'jg amalgamator), correlated 
negatively with index of susceptibility (Dobie 1974) and 
progeny adult weight of the rice weevil (Morallo-Rejesus et 
al 1981) (Table 2). 

a b0eo hai w g at> t ei
Parboiling or heating wet grain at > 100C to gelatinizethe starch without much grain expansion is known to 

improve milling quality and to increase grain hardness 
(Raghavendra Rao and Juliano 1970). McGaughey (1974) 
reported that parboiled milled rice was less suitable than 
raw milled rice (of one variety) for progeny production by 
seven insects including rice weevil. However, longer-term
storage by Pingale et al (1957) did not show any advantage 
of parboiled milled rice over raw milled rice in susceptibility 
to infestation by rice weevil. 

Starch amylose content 
Milled rice consists of 90%,starch and 8%protein, dry basis. 
Starch granules, which occur as 3-9 pm compound gra­
nules, are confined mainly to the endosperm of the mature 
rice grain (Juliano 1980). Starch consists of two major 
fractions -...a branched fraction, amylopectin, and a linear 
fraction, amylose. 

Milled rice is classified into amylose types waxy (gluti­
nous, 0-2ci amylose, dry basis) and nonwaxy (nonglu­
tinous). The latter is further classified into low (8-20%), 

Table 2.Range of properties of rice grain and susceptibility of brown rice samples to the rice weevil 
and their correlation coefficients.a 

Correlation coefficientsb with 
Susceptibility or Range of Index of Progeny adult Graingrain property values suscept- Length Weight loss 

ibilityc (wt% )
Index of susceptibilityc 10.4-15.0 1.00 0.68- 0.63* 0.47Progeny adult length (mm) 3.8- 4.6 1.0O 0.42 0.46
Progeny adult wt (mg) 1.0- 1.5 1.00 0.16
Grain loss (wt %) 1.6- 5.9 1.00 
Brown rice 

Width (mm) 2.0- 2.8 0.59" 0.52 0.41 0.34
Weight (mg) 14.4-25.0 0.59* 0.74" 0.34 0.63*Hardness (%>0.177mm) 32.0-47.5 -0.62' -0.41 -0.79"* -0.32 

Milled rice 
Amylose content (%) 1.6-29.1 -0.38 -0.56* -0.34 -0.12
Alkali spreading value 2.0- 7.0 -0.37 --0.03 -0.40 0.09
Protein content (%) 5.0-13.4 -0.28 -0.10 0.03 -0.01 

'Source: Morallo-Rejesus et al 1981. bSignificant r valugs: 5% = 0.514; 1%= 0.641.c In (progeny no.) X 100 (Dobie 1974).
 
Mean dev. Period
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Table 3.Relationship between susceptibility of brown rice to the rice weevil and grain hardness andalkali spreading value of eight rice varleties." 

Variety 

Raleswari 
PadiTa 
Herna 
Kumar 
Ratna 
IR8 

OR-10-26 
Vilaya 

Susceptibility based 

Mean Progeny
developmental No. W1 (mg) 
petiod (days) 

397 19.0 1.58 
40 1 17 5 1.48 
418 12.5 1.45 
423 11.0 1.41 
42 8 8.5 1.35 
424 8.5 1.34 
433 6.0 1.34 
436 4.5 1.32 

S e of mean 090 1.40 0.017 
Source Rout et al 1976 
In (progeny no)
 

Mean dev period 100 (Qobie 19741.
 
Values at IRRI lor different samples of the r'ame variety (Juliano and Pascual 1980). 

intermediate (20-25i1). and high (25-321*). Amvlose con-
tent is related in ,rsclv to tenderness and stickiness scores of 
cooked milled rice (.lllialt 1979).Abraham ct ril (1972) reported the absence of any re-
lationship beteel atlvose cotteti ad infestation of 

b the cne aVariety
rough rice by fhe ,',ngoulois grain moth. but the most 
susceptible \arictv. lainan 3. had tile lowest amylose con-
tent. Chattcrii cl i i 977) also did not lind any significant 
relationship bhetwt tile exteRt of damage to rough rice by-
the Angoumois grain moth and amvlose content, although 
the amylose values of the rice thev ulsed were lower than 
reported for high-atnylose Indian varieties (.Juliano and
Pascual 1980). %orallo-Rcjcsus et A 11981 ) found a nega-

tive but not significant correlation between a mylose content 
and the index of susceptibility of 15 brown rices to the rice 
weevil. Waxy starch granules have a lower density than 
nonwaxy starch granules (Juliano 1980). Verma et al (1979) 
reported that among six I R R I rices tested, milled rice of the 
low-amylose ( 16() varietv IR24 had a shorter developmen-
tal period, higher percentage of adult emergeri,. and heav-
ier adults of the almond moth compared to five high-
amylose (26-28) IRRI rices (Table 4). 

Althou,;h no absolute resistance to insects has been re-
ported, Vohra et al (1979) found that red lour beetle larvae 
grew better on diets with waxy cereal starch or California 
milled rice flour as carbohydrate source. With a set of 16 
brown rice samples, final laral weight correlated negatively 
with the amylose content of rice (Vohra et al 1980) (Fig. I). 
A similar correlation was observed for milled rice but 
growth was faster on milled than on brown rice. Larval 
weights were highest for waxy and low-amylose rices. The 
data reflect the relative digestibility of raw starch granules to
a-amylase (Evers and Juliano 1976). 

Starch gelatinization temperature 
Another property of starch important to grain quality is 
final g,:latinization temperature (Juliano 1979). It represents 

Index ot Grain AlKali 

suscept- hardness spreading
ibility" (kg/cm) value 

7.42 4.7 7.0 
7.14 4.8 7.0 
6.04 4.9 7.0 
5.67 5.4 6.6 
5.00 5.7 6.2 (5 .6 )c 
5.05 5.8 5.1 (7 .0 )c 
4.14 6.2 4.5 
3.45 7.1 4.5 (6.2)c 

0.03 0.10 

Table 4. Relative susceptibility of brown and milled rice of IRRI 
varieties to alnnt; -otha and their amylose and alkali spreading
value.b 

Susceptibility based on IRRI datab 
Mean Adult Wt of Amylose Alkalideveiopmental emergence adult content spreadingname period(days) (/) (mg) / value' 

IR24 28.4 57.8 2.38 16 7 (L) 
IR36 31.0 46.7 1.67 28 5 (I) 
IR 32.1 48.9 2.17 28 7 (L)IR30 35.5 33.3 1.95 26 4(l)IR26 35.8 48.9 2.00 28 7(L) 
IR20 48.2 17.8 1.90 27 4 (I) 
C.D.(5%) 0.38 2.04 0.077

aSource: Verma et at 1979 bSource: Juliano and Pascual 1980. cLet 

ters in parentheses are gelatinization type: L low; I= intermediate. 

Fil loav w (ig 

20 0 RAX - 202.0 
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Fig. I. Red flour beetle larvae fed rice-based diets 
were heavier when starch had low amylose content
for both brown and milled rices (Vohra et al 1980).Growth was also faster on low-gelatinization-temper­
ature (GT) milled rices among high-amylose samples. 
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the tenperature at Mhich more than 95(f of tilestarch 
granules ha',c s%solen tiiescislbi it, hot %%'ter. I his prop-
its\arie,, from 55 t,,gll("in 1ic (.Uuliano 1979). 

ielatti .,atlolltemperatltue I,,nitited in tileIRRI 
breeding pitOglittnl h tie dkali ,preading ",alees t1I.ittleCtI I58 Io, -­' 
ntermcdiate 4-5. high-interniediate 3.
and high I-2 .,lkali"preading %aileshae been reported to 
cOII.latC tlega ti\cl,, \,iIIdcsCIopmeital period, progcinv
rlttihc. aInd prjglnw.\ciglht ot rice \Cesil oineight bro%, i 
ices (Rout ct al 19761 1lable 3). But. the reported alkili 
alucs diiered lolludati t n other samples of tilesame 
a ictic,, (Juliato and t.Ascta 1980) (lable 3), Alkali

spliCalling \saluescor ,-Iatcd negatiscly \with cracking hard-
licss of .iglht riccs (Rutt etal It976). btt contrasting correla-
tio ts \%ere obtained with diffcrent sets of samples (IRIRRI 
19'70). 

Relatis e i.mportance ef am.,lose content and gelatinization
temperature 
It \'ohr; ctal's study 11981), the red lour beetle larvae wcre 
fed rice as a carbohydrate source. The larvae tended to be 
heavier Mheti fed intermediate- and high-amylose rices 
C "21071 with alkali spreading values of 6-7. than when fed
sitrilar antylose-content rices with loscr alkali spreading
salties (Fig. I I. Although tlte simple correlation coefficient 
Nkas not significatit. partial correlation coefficient of larval 
%%eight\with alkali spreading value. independent of amylose 

content. \kas 0.69** (ii- 16). 
 lie correlation betweer alkali 

spreading value and index of susceptibility of 15 brown rices 

to rice weevils also was 
 not significant (Morallo-Rejesus

1981,. Although both factors directly affect tilerate and 

extent of corrosion of starch granules by HCI (Maningat
and .luliano 1979). amlvtose seems to be a more important
factor affecting digestibility of rice starch granules than 
gelatit'iiatiol temperature (Motallo-ReJesus et al 1981).

Kruerklai (1979) reported no significant correlation be-
tween indexes of'susceptibility(according to Dobic 1974) of
19 Indonesian milled rices to the rice weevil and the lesser 
grain borer and grain properties weight, length, width. 
amylose, alkali spreading value, gel consistency, and pro-

tein. Indexes of susceptibility to the two insects notwere 
correlated. However, among 5 IRRI high-amylose varieties 
and Taichung Native I, susceptibility tended to correlate 
with alkali spreading value of 6 to 7, except in IR26 (Table 
5). 

Interpretation of storage insect resistance data of U.S. 
\arieties iscomplicated by the relationship between specific
grain types with amylose content and gelatinization tern­
perature. '[he medium-grain variety Nato (^-15% amylose,
gel. temp. 67r.C) is more susceptible than the long-grain
variety )awn (-25'i amylose, gel. temp. 73°C) in rough
rice form to Angoumois grain moth (Cogburn 1974, kussell 
1976), rice weevil (Cogburn 1974, 1977a), and lesser grain
borer (Cogburn 1974) ([able I); and in milled form to the 
confused flour beetle, the lesser grain borer, and rice weevil 
(Mc(iaughey 1974). The other long-grain varieties such asPlelle Patna and Bluebclle, however, were not as resistant as)awn (Table I). 

The importance ofamylose content and alkali spreading
value on susceptibility of rough rice to Angoumois grain
moth is also suggested by the insect data of Russell (1976)
and published data on the U.S., French, and Asian rices he 
tested (Juliano and Pascual 1980, Suzuki and Juliano 1975,
Webb 1975) (Table 6). Low-amylose rices, except Cesariot, 
were more susceptible to the moth than intermediate- and 
high-amylose rices. Varieties with alkali spreading values of 
3.5-4.0,except Delta, were more resistant to the moth than 
those with alkali spreading values of 6.2-7.0 (low gelatiniza­
tion temperature). Among the three high-amylose rices, IR8
 
(alkali spreading value of 7.0) 
was more susceptible than
 
I1R5 and Peta (alkali spreading value of 4.0).
 

Moisture content 
High moisture content brought about by high relative 
humidity favors the development of high infestations of 
rough rice by rice weevil and lesser grain borer (Breese
1960). At >75wj relative humidities, waxy rice has higher
equilibrium moisture content than nonwaxy rice (Antonio
and Juliano 1973, Juliano 1964). In addition, intermediate 
to high gelatinization temperature of starch granules con-

Table 5. Varietal resistance of milled rice to rice weevil and red flour beetlea and properties of themilled rice." 'b 

Variety 

IR34 
Taichung

(Native) 1 
IR20 

IR36 

IR26 

IR32 


Index... . ... 


Variety Red flour 100-grain
Rie __sce-liie wi (g) 
weevil beetle.... ..........
. . ... .value
 

11.3a 6.5ab 1.64 

8.9 bc 
8.6 bc 
7.5 bc 
6.7 c 
3.7 d 

7.4a 
5.9 b 
1.6 d 
4.4 c 
1.3 d 

1.56 
1.38 
1.56 
1.49 
1.47 

Grain M illed 
rice analys isb 

width Amylose(%) Alkalispedn Protein(/) 

(nm) spreading N 

2.19 -28 7.0 -8 
2.59 
2.47 
2.21 
2.50 
2.18 

28.1 
-26 
-28 
-28 

-28 

6.7 
-5 
-5 

7.0 
-5 

6.6 
-9 
-8 
-8 

-8aSource: Kruerktai 1979. bSource: Juliano and Pascual 1980. CValues in the same column followedby the same letter are not significantly different from each other at 1%level by the F-test (Kruerklai1979). 
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Table 6.Susceptibility of rough rice of commercial varieties to Angoumols grain moth and their milled 
rice properties. 

Variety 


Saturn 

Euribe 
Nato 
IR8 


Della 
Balilla 
Cesariot 
Laoelle 
IR5 


Dawn 

Peta 

reMoth ...y s....

progeny' ,mylose 


(no.) content 
(%)


156a 15 
153a 18 
146a 15 
121 b 28 

119 b 24 
83 c 22 
80 c 18 
67 c 25 
65 c 28 

38 d 25 

27 d 29 


.... Milled rice property 
Alkali 

spreading 
value
 

6.2 
7.0 
6.3 
7.0 

3.9 
7.0 
7.0 
3.5 
4.0 

3.9 
4.0 

Source of data 

Webb 1975 
Juliano and Pascual 1980 
Webb 1975 
Juliano and Pascual 1980, 

Suzuki and Juliano 1975 
Webb 1975 
Juliano and Pascual 1980 
Juliano and Pascual 1980 
Webb 1975 
Julia, io and Pasc,.al 1980, 

Suzuki and Juliano 1975 
Webb 1975 
Juliano and Pascual 1980, 

Suzuki and Juliano 1975 
"Values followed by the same ietterare not significantly different at the 5% level by Duncan's multirle 
range test (Russell 1976). 

tributes to lover equilibrium water con:',nt of steeped 
grains among high-amylose rices (IRRI 1980) and among 
intermediate-amylose and waxy rices (Merca 1980). Values 
range from 31 to 48,'j wet basis for milled rice and from 29 
to 391"i for brown rice. 

Protein content 
Protein exists in the rice endosperm in the form of single-
membraned 0.5-4 pm particles called protein bodies (Juli-
ano 1980). Protein content ishigher in the bran layer than in 
the endosperm, but an increase in protein content ismainly 
an increase in the number of endosperm protein bodies, 
Protein bodies of ihe aleurone layer are morphologically 
different from those of the endosperm and contain globoid 
(phytate) inclusions. Protein content was reported to be 
unrelated to resistance of brown rice to rice weevil (Morallo-
Rejesus et al 198 1, Rout et al 1976) and of rough rice to the 
Angoumois grain moth (Abraham and Thomas 1969, 
Abraham et al 1972). By contrast, low proteir content was 
observed to contribute to resistance of rough rice to the 
Angoumois grain moth but the relationship is not distinct 
(Chatterji et al 1977). Protein may not be a limiting nutri-
tional factor to insect infestation and growth on rice grain. 

Unlike wheat, rice does not contain an a-amylase inhibi-
tor (I RRI 1980, Kneen and Sandstedt 1946). The rice grain, 
particularly the bran and embryo, however, contains pro-
tease inhibitors, which are either proteinaceous (Toshiro 
and Maki 1978) or phytate (Kanaya et al 1976). The pres-
ence of polyphenols in pigmented rices has not been fully 
investigated. 

OTHER FACTORS 

Ccgburn (1974) found adefinite nonpreference for the U.S. 
variety Dawn over five other varieties by the rice weevil, the 
lesser grain borer, and the Angoumois grain moth, which 

was not directly related to percentage of imperfect glumes 
(Table I). Survival rates of Angoumois grain moth F, pro­
geny on rough rice of 780 varieties from the United States 
Department of Agriculture world collection ranged from 
1%to more than 82% (mean 33%) and showed a bimodal 
distribution pointing to the existence of more than one 
resistance factor (Russell and Cogburn 1976). X-ray exami­
nation and grain dissection indicated that whatever factors 
were operating were still affecting the young larvae before 
they entered the seeds. Further screening of II I resistant 
varieties suggested that 37 of them showed strong indication 
of resistance (Cogburn 1977b). The Angoumois grain moth 
was reported to have varietal preference for rough rice both 
in the field and during laboratory storage for 2years among 
67 varieties (Kittur and Patel 1972). 

Further studies on the nonpreference factors in Dawt oy 
Cogburn (cited in Russell and Cogburn 1977) suggested 
that: 

* brown-rice flour and rough-rice flours have significant 
varietal effects on larval development, 

* larval survival ratesare affected significantly by rough­
rice flours, and 

* flours of several varieties, whether rough rice or brown 
rice, adversely affect both development and survival. 

On the other hand, Russell (cited in Russell and Cogburn 
1976) using a modified Chamberlain olfactometer (Honda 
et al 1969a) and the Angoumois grain moth, noted that: 
• rough rice arrests significantly fewer larvae than brown 

rice, 
o varietal effects are significant whether brown or rough 

rice is used, and 
0 varietal differences are accentuated in brown rice as 

compared to rough rice. 
With diets contributing 10% protein from yeast-soybean 

protein mixture, Vohra et al (1970) found slower growth of 

http:Pasc,.al
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red flour bectle on hro%;n rice than on milled rice. 

An ittractant to rice %%.c% II. 
 :'av i.s hi,. been isolated 

Iron rice hull. %%hich is acidic in nature (ltIonda ct al 
19,9,ib). ,,ubSCquent of)tudien dieth~l ether extracts of 
nlai/c and rice grain sho%%ed that the attractants are present
ill bro., n and milled rice (Yanianoto ct al 1976). Maime and 
rice hian oils also contain the attractants. Mai/e contains a 
strongcr attrtctancvy than rice probably because of its larger 
cinhr o anrid higher oil content. The attractants are readily
e\tracted \ ithdicle thcrand arc present in thcacidicand 
neutral iractions. later studies on maie confirmed that 
he\anoic acid presented the major contribution to the 
attractancy as a single compound but y-nonalactone and 
2-phcns\1 ethanol had the strongest specific attraction 
[Yarnarnoto c al 19510 ['1). 

Strong aroma also has been reported to be related to 
resistance of rough rice to the Angoumois grain moth (Chat-
teri et al 1977). tobut aroma tended to be confined 
superfine-grain Indian varieties like tadshabhog and T. 
412. lus, resistance may be related to the narrow grain of 
the aromatic varieties rather than to aroma per se. 

tM IT'ICAttONS(F RIES[ARCH 

Storage los cs are becoming more serious as more countries 
achieve self-sufficiency in rice production. Varietal resist-

ance to rice storage insects is a potential means of reducing
postharvest losses of the rice crop. 

The importance of tight hull as a resistance factor for 
rough rice needs to be '.erified and possibly included as a 
breeding objective. A tight hull probably also minimizes 
microbial population inside the hull (brown rice surface)
and improves parboiling quality ofrough rice by preventing
the overexpansion of the gelatinized grain. However, the 
contribution of tight hull to the difficulty of dehulling the 
grain needs to be established. 

The contribution of grain hardness to varietal resistance 
of milled rice to storage insects is understandable. Grain 
hardness contributes also to higher total md head-rice yield
(Juliano 1979) but hardness is difficult to measure. Addi­
tional research to fully determine the interrelationship 
among grain hardness, grain quality factors now routinely
screened in the rice breeding program - protein and amy­
lose iuntents, alkali spreading value, and gel consistency 
-- and varietal resistance to major storage insects is needed. 
Such study will lead to a better appreciation of how these 
grain properties affect the physical properties of the endos­
perm, including grain hardness. 

Detailed studies on the resistance factors to storage
insects should preferably use pairs of sister lines differingmainly in the particular property being studied to make the 
results definitive. 
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