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Abstract Stored rice grain undergoes physical and chemical
deteriorations over time. As temperature and moisture content are
important factors affecting to the denaturation of rice, it is
important to store rice at a low temperature and hermetic
condition. From a microscopic point of view, many studies have
already reported how proteins and lipids were denatured within
rice grain. Meanwhile, the weight loss of rice is currently
observed at actual storage sites and can occur for diverse reasons.
In this study, it was assumed that the decomposition process of
polysaccharides, known as the main component of rice, plays an
important role in its weight loss. In specific, the roles of enzymes
were also evaluated. Our interest is in the major polysaccharides
within a rice grain such as starch as well as within a rice
endosperm cell wall. It is suspected that the weight loss of rice
grains during storage seems to associate with the degradation of
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amylose and amylopectin. Nevertheless, it should be also
speculated the correlating effect of other components such as
proteins and lipids.
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Fig. 1 Flow chart of rice production and storage
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Fig. 2 Schematic structure of rice. Note: redrawn based on references [1,17]
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Fig. 3 Chemical structures of (A) glucose, (B) maltose, (C) amylose, and (D) amylopectin
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Table 1 Typical changes of rice grains during storage duration

Classification

Contents Ref.

decrease of polysaccharides quantities
decrease of qualitatively long chain of polyssacharides

polysaccharides increase of short chain of polyssacharides 10,16
generation of carbonyl compounds

. rotein * decrease of prolamines and glutelins 320

chemical p « generation of protein disulfide bonds ’
livids * hydrolysis and oxidation of free lipids 317

P * decrease of unsaturated fatty acids ’

L « release of phenolic acids
phenolic acid * decrease of free phenolic acid L17
quality * increase of hardness 3,21
cooking properties « reduction of adhesiveness 9

increase of cohesiveness
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Fig. 4 The roles of a-amylase to break down amylose and amylopectin. Solid gray hexagons represent glucose molecules linked by a-1,6-glycosidic
bonds, which cannot be split by a-amylase

Table 2 Enzymes to decompose polysaccharides within rice grain cell wall

Enzyme EC number U/g Role
a-amylase 32.1.1 237.7454.2 Endohydrolysis of a~(1,4)-D-glucosidic bonds in polysaccharides
B-amylase 3212 333414.9 Hydrolysis of 0-(1,4)-D-glucosidic bonds from the non-reducing ends in

polysaccharides to generate successive maltose units

a-glucosidase 32.1.00. 66.4+25.8 Hydrolysis of terminal, non-reducing o~(1,4)-D-glucose residues with production of
alpha-D-glucose

a-mannosidas 32.1.24 159.7+42.2 Hydrolysis of terminal, non-reducing a-D-mannose residues in a-D-mannosides
a-galactosidase 32122 213.6441.7 Hydro}ysm of termmaL non-redupmg a-D-galactose residues in a-l?-galacto&des,
including galactose oligosaccharides, galactomannans and galactolipids
[-galactosidase 3.2.1.23 159.5+43.2 Hydrolysis of terminal non-reducing B-D-galactose residues in -D-galactosides
B-glucanase 32.1.6 161.5£29.9 Endohydrolysis of (1—3)- or (1—4)-bonds in f-D-glucans
B-xylanase 32.1.8 17.3£7.8 Endohydrolysis of B-(1,4)-D-xylosidic bonds in xylans
HO
H OH o] OH
° CH; OH 0. oH
Ho HO >
OH OH
OH on OH HO
(A) (B) ©)
HO
HO o oH oH OH OH
o ° o ©
OH OH OH
HO OH OH OH
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Fig. 5 Chemical structures of possible monosaccharides when rice grain cell walls are decomposed by enzymes listed in Table 2; (A) a-D-galactose,
(B) a-L-rhamnose, (C) a-D-mannose, (D) a-D-galacturonic acid (representing uronic acid), (E) a-D-xylose, (F) a-D-fluctose, and (G) a-D-arabinose
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Table 3 Amylopectin chain length distribution of Bengal cultivar stored at 21 °C for various months and their conversion values of multiplication by
glucose unit molecular weight with average DP values; 9, 18, 31, and 40 for DP6-12, DP13-24, DP25-36, and DP37+, respectively. The data are used
from the reference [10]. Here, the average DP values are arbitrarily selected without supporting clues, but they may provide the insight regarding how
much percentages are reduced during 9-month storage

Duration Wt.%
(month) DP6-12 DP13-24 DP25-36 DP37+ sum
1 26.0 493 13.5 11.2 100
3 26.2 489 13.6 11.3 100
5 26.4 49.1 134 11.1 100
7 26.8 49.5 13.0 10.7 100
9 27.9 48.6 12.4 11.1 100
Conversion from % to multiplication by 180*(average DP values; 9, 18, 31, 40)
1 4212 1,597.3 753.3 806.4 3,579.2
3 4244 1,584.4 758.9 813.6 3,584.3
5 427.7 1,590.8 747.7 799.2 3,570.4
7 4342 1,603.8 725.4 770.4 3,540.8
9 452.0 1,574.6 691.9 799.2 3,526.7
Table 4 Calculated weight loss data based on the reference [10] with é E
hypothesis that the weight loss of amylopectin may represent the weight
loss of rice grain during storage ol B HTZ T/} Zojui 7RSS x| HAo|A
H ) RS Eao [l R=Pske) o] =k a3 Ato] gole
Cutar__ Tempnes () et et oo, £ 24 olgolel A5 2
4 0.19 S 4 Qe Zolt. YnkHog, Ae] Zwo] A e 7}
Bengal 21 1.47 d o3 aRlo® pwd FrEgE dEA Uk ARG
38 2.72 Ao R eSO 1558 %E 1xske AT A2oA
4 1.50 B3shs Ao] dolA FIElal A WRlolth gk, drn
Cypress 21 3.44 HE T AsNRES Alofstar vk 2FEAR, ARG Al
38 2.89 £3)4]

dojutar ok AXARD 291 et 2=7F 24
wo] Bystal SlHEhe ZRrt BASaL Slvk, mAjA]l
Aol vl Fart 3l Aotk mAARl #xelM, Had
i Atele] ROl 1.47%5 BRI =dl, o] g A ¥ WRel e ey} AEe] WAL on] Be A7l
Al Aol BAEE ARG FARE ol AR Eelirt 7 BAEfith B =welMe, ARG del grstee] 2l
Rop Aol =28 AR Yehl F3 gtk weEb, ol $87 A4S vk sMsision, Brske Eall
o] =&ollA THtaL Sle AE Eelvh 2] AR IS EF ®2o o7 B2 AHsiir. d4le] tidel e F
FiL dvhs 7Pl Feteitar & 5= Sirh ojé) BlEo], HE 8 "sleRe AEe] ofdEAs) opdmAo] glom, I
walle grske Zallollol, Erke gsha] Zal7k gl ool Al 23 gershee] vk oFellM, dEe]
ato] Azl & 9l Zlolth. 2Eu, o] vlad SlE AR obdEie) opdmARle] Favt ARdEl H F8
= tEA ke A AxY ] 9 9ES & Zew FAHEN W, AEE P T E
oA G ga8ES Zdiszlele ofEge] vk olf  see] Tale AR Eallchks tEAl, A2 felel e
olfFE, Aol ZeladS HuAl AFE Aow el eR AdEn dusid, e deke sl e AR
o 2Tk, AlEe] Fafjagel Mo Bellagel weld e vEA|, A £F 3R AEeE AS Zlos
dder Hom, FeljA] e @R (Table 2)9] av|gE  FE7] wiEolth o2l M Al FH=
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29 AR A AEHe] Bafjapgo] Ade] 7w Fo ¢ s YA AhEue 35 2 FHAA v F1=E oo
1l Aol Fale Al A Al 2 oz sMsoitt. a2l ek, B 8o R
F& Fu, AxHe] el T e Hohs 729 gl @ AR RelEg Aushlde 22 A w3l
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Fig. 6 Two possible scenarios of molecular breakages during rice storage

Stk wolAu, st de) WARAE 1 2
Az gEEYeR ool }, Fe v vire] BRWsE A
Oé] )

Fol ARRe} o 2 AR S T3 Aok e
Hir}
2 =

BHE e A7l Agel wek Eejsksihel WAl Aot
o age] wWAel JBe Fr Fad adow ewd W4
5 % otk KA Aends Bunde] Fasi, vl

-

&2

AIAQL AellA, gl Shiel ehlE A de] WS olv] ¥
< el BuEddtt 3, AA| By A%l ERlE=
Hel SF e, S ARALS dA A FolH thgd A
oF WA F oltt 2 m=RoA e, Ao FARR gsE
o] Fallgol ARAYel Tag LS vkl THsilon,
a2 o3t drste Eel A ES VRt Hale] tidol
e 8 SesteEe A Al 2 erskee] 9l

hva

o e Ba T F FY Rkt TR Ave] TR of
Mo} opdzsEle] Bal7h 4019 2o HolAE, v
3 A T Oe AREel WA E6 FYHoE 939
F3 gtk fet,

Mol gE - wa - opdmes

Keywords collZEHE - g

References

1.

Zhou Z, Wang X, Si X, Blanchard C, Strappe P (2015) The ageing
mechanism of stored rice: A concept model from the past to the present.
J Stored Prod Res 64: 80—87. doi: 10.1016/j.jspr.2015.09.004

Mohidem NA, Hashim N, Shamsudin R, Che Man H (2022) Rice for
food security: revisiting its production, diversity, rice milling process and
nutrient content. Agriculture 12: 741. doi: 10.3390/agriculture12060741
Zhou Z, Robards K, Helliwell S, Blanchard C (2002) Ageing of stored
rice: changes in chemical and physical attributes. J Cereal Sci 35: 65-78
doi: 10.1006/jcrs.2001.0418

Choe JS, Ahn HH, Nam HJ (2002) Comparison of nutritional
compositions in Korean rices. J Korean Soc Food Sci Nutr 31(5): 885—
892. doi: 10.3746/jkfn.2002.31.5.885

. Kwak J, Lee JS, Yoon MR, Kim IH, Lee JH, Kim MJ, Lee CK, Kim

BK, Kim WH (2015) Changes of seed germination rate and lipid
components in different brown rices during ageing. Korean J Food Nutr
28(5): 933-940. doi: 10.9799/ksfan.2015.28.5.933

Park CE, Kim YS, Park KJ, Kim BK (2012) Changes in
physicochemical characteristics of rice during storage at different
temperatures. J Stored Prod Res 48: 25-29. doi: 10.1016/j.jspr.2011.08.
005

Hu H, Li S, Pan D, Wang K, Qui M, Qui Z, Liu X, Zhang J (2022) The
variation of rice quality and relevant starch structure during long-term
storage. Agriculture 12: 1211. doi: 10.3390/agriculture12081211

. Kim OW, Kim DC (2004) Safe storage period of paddy under different

temperature and moisture content conditions. Korean J Food Preserv
11(2): 257-262

Katta YM, Kamara MM, Abd El-Aty MS, Elgamal WH, Soleiman M,
Mousa KM, Ueno T (2019) Effect of storage temperature on storage
efficacy, germination and physical characters of some paddy rice
cultivars during different storage periods. J Fac Agr Kyushu Univ 64(1),
61-69. doi: 10.5109/2232279

Patindol J, Wang YJ, Jane JL (2005) Structure-functionality changes in
starch following rough rice storage. Starch 57: 197-207. doi: 10.1002/
star.200400367



298

J Appl Biol Chem (2023) 66:40, 289-298

11.

12.

13.

15.

16.

19.

20.

21.

22.

. Dillahunty AL, Siebenmorgen TJ,

Ochiai A, Sugai H, Harada K, Tanaka S, Ishiyama Y, Ito K, Tanaka T,
Uchiumi T, Taniguchi M, Mitsui T (2014) Crystal structure of a-amylase
from Oryza sativa: molecular insight into enzyme activity and
thermostability. Biosci Biotechnol Biochem 78(6): 989-997. doi:
10.1080/09168451.2014.917261

Awazuhara M, Nakagawa A, Yamaguchi J, Fujiwara T, Hayashi H,
Hatae K, Chino M, Shimada A (2000) Distribution ad characterization of
enzymes causing starch degradation in rice (Oryza sativa Cv.
Koshihikari). J Agric Food Chem 48: 245-252. doi: 10.1021/j£990408;
Kim B (2014) Quality evaluation of short-grain brown rice during
storage as affected by the combined action of initial moisture content,
storage temperature, and packaging of the kernels. Food Eng Prog 18(2):
160-165. doi: 10.13050/foodengprog.2014.18.2.160

Buescher RW, Smith DE,
Mauromoustakos A (2000) Effect of moisture content and temperature
on respiration rate of rice. Cereal Chem 77(5): 541-543. doi: 10.1094/
CCHEM.2000.77.5.541

Kumar D, Kalita P (2017) Reducing postharvest losses during storage of
grain crops to strengthen food security in developing countries. Foods 6:
8. doi:10.3390/foods6010008

Bertoft E (2017) Understanding starch structure: recent progress.
Agronomy 7: 56. doi: 10.3390/agronomy7030056

. Tong C, Gao H, Luo S, Liu L, Bao J (2019) Impact of postharvest

operations on rice grain quality: A review. Compr Rev Food Sci Food
Sat 18: 616—640. doi: 10.1111/1541-4337.12439

. Wani AA, Singh P, Shah MA, Schweiggert-Weisz U, Gul K, Wani 1A

(2012) Rice starch diversity: Effects on structural, morphological,
thermal, and physicochemical properties. Compr Rev Food Sci Food Saf
11: 417-436. doi: 10.1111/.1541-4337.2012.00193.x

Matsushima R, Maekawa M, Sakamoto W (2015) Geometrical
formation of compound starch grains in rice implements voronoi
diagram. Plant Cell Physiol 56(11): 2150-2157. doi: 10.1093/pcp/
pevi23

Chrastil J, Zarins ZM (1992) Influence of storage on peptide subunit
composition of rice oryzenin. J Agric Food Chem 40: 927-930. doi:
10.1021/jf00018a001

Saikrishna A, Dutta S, Subramanian V, Moses JA, Anandharamakrishnan
C (2018) Ageing of rice: A review. J Cereal Sci 18: 161-170. doi:
10.1016/j.jcs.2018.04.009

Li H, Fitzgerald MA, Prakash S, Nicholson TM, Gilber RG (2017) The

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

molecular structural features controlling stickiness in cooked rice, a
major palatability determination. Sci Rep 7: 43713. doi: 10.1038/
srep43713

Griglione A, Liberto E, Cordero C, Bressanello D, Cagliero C, Rubiolo
P, Bicchi C, Sgorbini B (2015) High-quality Italian rice cultivars:
chemical indices of ageing and aroma quality. Food Chem. 172: 305—
313. doi: 10.1016/j.foodchem.2014.09.082

Kim SR, Ahn SY (1995) Effect of protease and disulfide bond reducing
agent treatment on the texture of cooked rice. Agric Chem Biotech
38(6): 563-569

Hildebrand DF (1989) Lipoxygenases. J Plant Physiol 76: 249—153. doi:
10.1111/5.1399-3054.1989.tb05641.x

You SY, Lee EJ, Chung HJ (2014) Study of molecular and crystalline
structure and physicochemical properties of rice starch with varying
amylose content. Korean J Food Sci Technol 46(6): 682—688. doi:
10.9721/KJFST.2014.46.6.682

Park IM, Ibaiez AM, Shoemaker CF (2007) Rice starch molecular size
and its relationship with amylose content. Starch 59: 69-77. doi:
10.1002/star.200600568

Luo X, Cheng B, Zhang W, Shu Z, Wang P, Zeng X (2021) Structural
and functional characteristics of Japonica rice starches with different
amylose contents. CYTA J Food 19(1): 532-540. doi: 10.1080/
19476337.2021.1927194

Ning XF, Li H, Kang TH, Han CS (2012) Storage characteristics of low
temperature grain warehouse using ambient cold air in winter. J
Biosystems Eng 37(3): 184—191. doi: 10.5307/JBE.2012.37.3.184
Lijima K, Suzuki K, Hori K, Eban K, Kimura K, Tsujii Y, Takano K
(2019) Endosperm enzyme activity is responsible for texture and eating
quality of cooked rice grains in Japanese cultivars. Biosci Biotechnol
Biochem 83(3): 502—510. doi: 10.1080/09168451.2018.1547624
Shibuya N, Misaki A, Iwasaki T (1983) The structure of arbinoxylan and
arabinoglucuronoxylan isolated from rice endosperm cell wall. Agric
Biol Chem 47(10): 2223-2230. doi: 10.1080/00021369.1983.10865940
Tsuyukubo M, Ookura T, Kasai M (2013) Distribution of starch-
degrading enzymes in rice grains of different cultivars and elution
behavior during cooking. Food Sci Technol Res 19(2): 303-311. doi:
10.3136/1str.19.303

Mir SA, Bosco SJD, Sunooj KV (2013) Evaluation of physical
properties of rice cultivars grown in the temperature region of India. Int
Food Res J 20(4): 1521-1527



