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Abstract

Background

Commercially availableconvenience rice such as retorted, quick cooking or frozen ricefessf
from sensory deficiencies compared to home cooked The mechanisms causing deterioration in
texture and flavour during conveniengee processing are, in many cases, poorly understood.
Scope and Approach

This review describes pre-cooking methods includwgshing and soaking, cooking methods
including cooking in excess water, by absorptiord dwy high pressure, and post-cooking
technologies including cooling, freezing, retortirganning, drying and storage, as well as the
influence of each process physical properties and sensory attributes of cooked rice.

Key findings and conclusions

Water diffusion and starch leaching, which occumany processing steps, are important factors
affecting cooked rice quality. Soaking saves energy by reducing cooking timeokyy by
absorption increases stickiness, but does not ensoiform moisture distribution compared to
cooking in excess water, thus is not applicablerfoe manufacturers. Leached amylose during
soaking and cooking affects hardness and stickioéssooked rice significantly. Non-thermal

treatments such as high pressure soaking and apdias potential to improveice sensory
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properties compared to high temperature treatments, whichngdacolour and flavour of
convenience rice. Drying and freezing results poeous structure resulting in spongy texture after
rehydration and thawing, respectively. During sfj@rastarch retrogradation deteriorates texture, but
can be retarded by high pressure processing agedrelow the glass transition temperature. Much
is known about processing factors that affect isesboked rice, but more substantial knowledge of
how processing steps affect the structure propeetgtionships and sensory properties of
convenience rice will assist manufacturers to dadiy design products to meet the ever growing

consumer demands for convenience food.

Keywords Convenience rice; rice cooking; rice processingpked rice quality; rice sensory

properties; rice physical properties
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Introduction

1 Introduction

Rice is cooked in a variety of ways in the homehwiite method used usually relating to the cultural
background of the consumer. Some cultures soalbatme cooking while others cook rice directly
by boiling it in excess water or by cooking it wiah absorption method (Crowhurst & Creed, 2001,
Son, Do, Kim, Cho, Suwonsichon, & Valentin, 2013ani, Zhao, Xie, Wang, Xu, & Jin, 2014;
Tsugita, Ohta & Kato, 1983). Other methods invateaming (Metcalf & Lund, 1985) or cooking
in a pressure cooker (Leelayuthsoontorn & Thipay#@06; Soret al, 2013). Rice can also be
cooked in a microwave or under very high pressBauda-Aguilar, Taboada-Rodriguez, Lopez-
Gbomez, Marin-Iniesta, & Barbosa-Canovas, 2013).

Rice is a staple food in many countries and rethfieasy to cook because it simply requires water
and heat, especially with an automatic rice cooet the standard home cooking processes usually
take in excess of 15 min. Manufacturers providesoomers with a pre-processed alternative for
convenience, and which is favourable for those sioos where only single portions are required
(Gofton & Ness, 1991). Convenience food saves dmsumer time and energy use in acquisition,
consumption and disposal in the process of foodswmption (Brown & McEnally, 1992).
Convenient rice dishes that include meat and vetgstarovide a very attractive option as a ‘ready
meal’, and the market for these is expanding rgpigthderpinned by microwave cooking and new
packaging technologies. The Asian market for cormeree rice was established 20 years ago and
has grown exponentially (Byun, Hong, Mangalass&gse, Cooksey, Park, & Whiteside, 2010).
Globally, the convenience meals market is expetdagow by 3.2 % from $ 1.1 trillion in 2011 to

$ 1.3 trillion in 2016 and much of this growth isegicted to occur in China (Schmidt Rivera,
Espinoza Orias & Azapagic, 2014).

Several studies have been performed on determthamgffect of process variables on the sensory
guality and morphology of the cooked rice. Thisliles studies that showed how the shape and
volume of rice was affected by the presence andratesof a soaking stage prior to cooking, and
variations in cooking time (Bhattacharya, 2011, Mpéatra & Bal, 2006; Sabularse, Liuzzo, Rao, &
Grodner, 1991) as well as those that focused on $ewvgory quality is affected by temperature,
cooking time and water-to-rice ratio (W/R) (BettfGar, Champagne, Ingram, & McClung, 2007;
Leelayuthsoontorn & Thipayarat, 2006; Srisawas &ddl, 2007). In comparison, relatively little is
published on the effect of process variables onstrsory quality of convenience rice. Recent
advances have focused on extending the shelf flit@venience rice via additional post-cooking
processing steps such as high temperature, higtsyres freezing or drying that seek to destroy

bacteria and their spores and/or prevent sporeigation and bacterial growth. These additional
3
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Processing technology and influences on cookedcandenience rice quality

processes alter both the flavour and overall qual#ipects of the convenience rice and result in a
product considered to be inferior to freshly cookea (Kwak, Kim, Kim, Ahn, Jung, Jeong, &
Kim, 2013). If the cooked rice is eaten without a@yuce or seasoning the unacceptable change in
aroma is perceived more strongly (Tsugita, 1985)cAnsumers judge food quality mainly in terms
of its sensory and nutritional characteristics j&ie, Pollard & Wardle, 1995), the food industry
faces the challenge of developing new technolotpesroduce shelf-stable convenience rice that
tastes homemade despite the many processing Stepanlock potentially large international
market for convenience rice produce and mealss imiperative to understand how cooked rice
quality is influenced by each processing step leefaluring and after cooking, and how the
mechanical, structural and sensory properties &ectad. This knowledge will assist food
manufacturers to design high quality, shelf-stabdégvenience rice. Therefore, the most commonly
used pre-cooking, cooking and post-cooking proogstchnologies applied to freshly cooked and

convenience rice and their effect on eating qualti/be discussed in this review.

2 Processing technology and influences on cooked and convenience
rice quality

This section reviews processing technologies famdéacooking and large scale production of
cooked rice that includes pre-cooking, cooking @ogt-cooking stages, and reviews how these
influence the rice physical properties and sensiybutes. Pre-cooking stage includes washing
and soaking of rice; various cooking methods ineladoking in excess water, using limited water
absorption and by utilising high pressure; and qoosking stage includes treatments such as
retorting, canning, cooling, freezing, drying artdrage of cooked rice. A block flow diagram

highlighting each stage and various methods utilis® given in Fig. 1, whereby different

combinations are possible to produce freshly coasd convenience rice with certain properties.
Table 1 provides a summary of the main processes wghin each stage and highlights their most

important impact on cooked rice quality.
2.1 Pre-cooking

2.1.1 Washing

Washing raw rice with water before cooking is comnb@ remove milling dust and any remaining
hull or bran with washing repetitions varying frarto 5, depending on the rice variety and the

cooking method used (Champagne, Bett-Garber, FamjeGrimm, Lea, Ohtsubo, Jongdee, Xie,

4
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Bassinello, Resurreccion, Ahmad, Habibi, & Reink@10). Rice varieties such as Basmati with a
high amylose content from Pakistan, India or Irenvaashed 3 to 5 times before they are cooked in
excess water, whereas rice with a medium amylostenbfrom Thailand, China, Pilippines, Japan
or Australia are washed 2 to 3 times and cooked itce cooker with the absorption method
(Champagnet al, 2010). This study however does not state whyetimesnber of repetitions were
chosen. Rice washed three times has been showause d¢ess deterioration in flavour and colour
after the cooked rice was stored for up to 24 hn tige washed only once (Fukai & Tukada, 2006).
This is because around 60 — 80 % of total surfgeesl were removed by one washing step for 5 or
10 min, with a reduction of free fatty acid and jcgated dienes relative to unwashed control
samples (Monsoor & Proctor, 2002). The decompaositibrice surface lipids on the surface of rice
which are mainly composed of glycerides from reslidice bran that hydrolyse to free fatty acids
through lipase and subsequent oxidation, producaneid and stale flavour (Takano, Kamoi &
Obara, 1989). Therefore washing may be a practie@ns to reduce free fatty acids and off-flavour
development in cooked milled rice from lipid oxiaet (Monsoor & Proctor, 2002). The washing
procedure will also remove free starch producethiymilling process which may alter rice texture
by changing grain-grain and grain-surface adhegioa similar way to starch/amylose leaching,

though this hypothesis requires greater investgati

2.1.2 Soaking before cooking

Soaking rice in excess water before cooking isaditional practice in Japan, Korea, and other
Asian countries, and is a factor affecting cookquality, with the soaking typically done below
gelatinisation temperature of rice starch, at déifie pressure levels, and with soaking times varyin
between 15 and 120 min (Champagne, 2008; Champagred, 2010; Horigane, Takahashi,
Maruyama, Ohtsubo, & Yoshida, 2006; Tiab al, 2014; Yamakura, Okadome, Suzuki, Tran,
Homma, Sasagawa, Yamazaki, & Ohtsubo, 2005b). 8gakie under various conditions is also a
common pre-treatment for several convenience niodycts such as frozen rice or quick cooking
rice, as it distributes water evenly within the igrdeading to a reduction in cooking time and
energy consumption (Chakkaravarthi, Lakshmi, Sularaam, & Hegde, 2008; Das, Subramanian,
Chakkaravarthi, Singh, Ali, & Bordoloi, 2006).

Water diffuses into rice grains due to the moistyradient between the surface and the centre of
the grain, and diffuses more rapidly into milledaigs through cracks and chalky areas before
diffusing to the outer layer (Horigaret al, 2006). The moisture content reaches a plateau 3t

— 60 min (Boluda-Aguilaret al, 2013; Daset al, 2006) and a positive correlation between
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temperature and the rate of water diffusivity haerb shown (Bello, Tolaba & Suarez, 2004;
Chakkaravarthiet al, 2008; Muramatsu, Tagawa, Sakaguchi, & Kasai, 2@&uki, Kubota,
Omichi, & Hosaka, 1976). Starch granules swell expand during soaking, which has been found
to cause more complete starch gelatinisation afteking compared to unsoaked rice. The initial
moisture content of the raw rice influences therhyjdn homogeneity, degree of gelatinisation,
percentage of broken kernels and degree of stamabhing (Genkawa, Tanaka, Hamanaka, &
Uchino, 2011; Han & Lim, 2009; Prasert & Suwannap@009; Seki & Kainuma, 1982).

A soaking temperature of 15 °C, compared to 35/é&ds to more cracks in the outer layer of the
rice grain (Genkawat al, 2011) and consequently, the grain is expectedréak more easily
during cooking. Lower soaking temperature decredBesrate of water diffusion, producing a
difference in the specific volume of the outer lagad the centre of the grain resulting in a tensil
stress that is likely to form cracks if above thedile strength of the grain (Genkaetaal, 2011).
Medium amylose rice (16.77 — 16.95 %) is more spifole to crack formation during soaking than
high amylose rice (27.64 %) (Kasai, Lewis, Ayabaid¢, & Fyfe, 2007).

A comparison of cooking kinetics showed that soakesl cooks faster© min) than unsoaked rice
(~*15 min) (Chakkaravarthet al, 2008). As cooking proceeds, the cooking raterst fimited by
the physical change of rice components includingléwg and gelatinisation of starch granules, due
to the interaction of heat and water at the surtddbe grain. After this, water diffuses throudpe t
outer layer of gelatinised starch to the non-hyattatore, allowing starch to gelatinise, becoming
the limiting factor for gelatinisation. In contrasice that is fully hydrated after 30 min of saaki
does not display a decrease in cooking rate duevdter diffusion as water required for
gelatinisation is already available (Chakkaravaethal, 2008). If water diffusion into the grains is
insufficient, the starch located in the centraltpzfrthe grain may not become fully gelatinised
during cooking, resulting in a hard texture (Sekk&numa, 1982).

During soaking, components such as sugars, sofuleins and non-starch bound lipids leach
from grains (Chiang & Yeh, 2002; Patindol, Gu & VWar2010).The rate and extent of leaching
increases with increased soaking temperature amel @Bello et al, 2004; Chiang & Yeh, 2002;
Han & Lim, 2009). Damage to the structure of tlee mrain, such as chalky areas or cracks formed
via milling may also encourage molecules to leaomfthe rice (Bhattacharya, 2011). The leaching
of reducing sugars and freeamino nitrogen, responsible for Maillard reacti@asising changes in
colour, was increased by soaking time and tempexatus the more leached out, the less colour
deterioration upon subsequent cooking occured, thigheffect more prominent in brown rice than
milled rice (Lamberts, Brijs, Mohamed, VerhelstD&lcour, 2006).

6
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A higher soaking temperature causes a higher meistantent after soaking, which resulted in
increased adhesiveness and decreased hardnes# (Ham 2009). Starch leached from cooked
rice consists mostly of amylose due to its smatietecular size and greater mobility (Han & Lim,
2009) and was shown to correlate positively torumental hardness of cooked rice (Ong &
Blanshard, 1995). However, when the total amounteathed components was quantified, no
significant correlation with instrumentally measiiteardness and adhesiveness was shown (Ong &
Blanshard, 1995; Patindet al, 2010). In terms of flavour, soaking of 11 riceigdes for 30 min
was shown to influence cooked rice flavour and $uaeste negatively, suggesting leaching of small
flavour-active metabolites that are discarded \thign soaking water, but the change in flavour was
not related to textural changes (Calingacion, Bapiahnh, Daygon, Anacleto, Sackville Hamilton,
Biais, Deborde, Maucourt, Moing, Mumm, de Vos, ErbHopka, Hansen, Laursen, Schjoerring,
Hall, & Fitzgerald, 2012; Champagne, 2008).

The rate of water diffusion is elevated under pres®r vacuum and therefore shortens the soaking
time for rice (Bello Marcelo, Tolaba Marcela & Sear 2008; Tiaret al, 2014). Soaking rice under

a vacuum for 30 min resulted in a 1 — 2 % higherstoee content than under atmospheric pressure,
indicating that the vacuum soaking might cause mwath@nnels between starch granules and benefit
water entry due to a pressure difference betweennide and outside of the grain (Tiahal,
2014). It is also possible that the wider chanmeés created between cell walls facilitating water
diffusion. After cooking, vacuum soaked rice did sbow a significant difference in instrumentally
measured hardness, springiness or cohesivenessaimio rice soaked at atmospheric pressure
(Tianet al, 2014).

Compared to vacuum or atmospheric pressure, soakidegr high pressure (HP) at 300 or 400 MPa
at 20 °C resulted in a significant increase in mwesin the grain (Huang, Jao & Hsu, 2009; Tedn
al., 2014). At soaking pressures above 600 MPa sgeldtinises at ambient temperature (Hu, Xu,
Jin, Tian, Bai, & Xie, 2011), but at 300 MPa and°g)) rice showed only 10 % gelatinisation
(Huanget al, 2009). The cooked, HP soaked rice at 300 andMP@A decreased in instrumental
hardness and increased in instrumental springiaess cohesiveness, measured with a texture
analyser, compared to rice soaked under ambiemssyre (Tianet al, 2014). The decrease in
hardness of HP soaked rice is explained by theedsed leaching of amylose and amylopectin.
Amylose content is one parameter amongst othergiyedg correlated to cooked rice hardness
(Sowbhagya, Ramesh & Bhattacharya, 1987), thus avlilgher amylose retention in the grain, an
increase in hardness would be expected. A redisioibb of amylose and amylopectin under HP has
been suggested (Tiagt al, 2014), but the explanation for the mechanism ioguthe change in

~
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textural properties of HP soaked rice was not stpddoy experimental evidence. The description
that the macrostructure of HP treated rice graihgkvwas broken into some large pieces increases
springiness, and that the increase in cohesivem@ss due to redistribution of amylose and
amylopectin needs additional investigation.

Soaking rice at 55C, compared to 2%C, with subsequent HP treatment resulted in areas® in
glucose content of rice compared to non-soaked likogly due to enhanced enzyme activity and
mobility at 55°C (Yamakura, Haraguchi, Okadome, Suzuki, Tran, dgéore, Yoshida, Homma,
Sasagawa, Yamazaki, & Ohtsubo, 2005a). Unfortupaitelsensory profiling was reported, though
a sweeter taste could be expected because small sudecules may be pressed into the rice grain
when the soaking water is not discarded. Moress@aking under HP improved the lightness and
intensity of the colour of cooked rice comparedgséaking under atmospheric pressure, due to the
inhibition of enzymatic browning from restrictiorf oxygen, leading to a lower enzyme activity
(Tianet al, 2014).

In conclusion, soaking is worth considering as @cessing step for rice manufacturers to shorten
the cooking time and save energy. If less stickg s desired, it is recommended to wash and soak
rice for up to 30 min before cooking to remove escstarch and free fatty acids on the grain
surface, which additionally assists to decreaseotladeterioration. Soaking times can be reduced
via either a higher temperature, HP or a vacuuncge® More knowledge about the structure-
property relationship is necessary to describeeffext of HP soaking on the redistribution of skarc
and water in rice grains altering cooked rice textio inform industry about the potential of HP to

design convenience rice with desired textural prioge

2.2 Cooking

Depending on the cultural background, cuisine acel variety (Soret al, 2013), cooking rice at
home is mainly achieved by one of two major methodsoking by absorption with a
predetermined amount of water, and cooking in excester at temperatures above the
gelatinisation temperature of the variety. The faodustry typically cooks rice using the excess
water method as it can be conducted as a continpmeess and allows an even distribution of
moisture within rice grains. The cooking processmpdses two mechanism: one is the gradual
absorption of water from the surface to the cor¢hefgrain, and the other is the structural changes
of the rice components by heating with water (Suatlal, 1976). High pressure processing (HPP)
is a non-thermal process to gelatinise rice staand became a popular technology in food
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processing since 2000 (Norton & Sun, 2008) duehwlack of heat and the attendant chemical
changes within food that comes with high tempesfrocessing.

2.2.1 Cooking in excess water

One cooking method used is to add rice to boiliexgess water for a specific time (Mestres,
Ribeyre, Pons, Fallet, & Matencio, 2011; Meuller@&toss, Marks, & Daniels, 1998). This method
is used at home and on industrial scale. In a aranidboratory scale procedure, the water-to-rice
ratio (W/R) ranges between 10:1 and 20:1 (Chaklathvet al, 2008). In order to determine the
end point of cooking in laboratories, rice graime @eriodically sampled during cooking and
pressed between two parallel glass plates. Whensgdp not show a starchy core in the centre
anymore the sample is considered to be completaked (Billiris, Siebenmorgen, Meullenet, &
Mauromoustakos, 2012a; Mohapatra & Bal, 2006). Thotlne rice is cooked through completely,
this stage of cooking does not necessarily reptabenmost desirable texture. Cooking in excess
water does not limit the diffusion of water, thue trice cooks until it completely disintegrates.
After the rice is cooked, the excess water is ddad with all the leached components.

The cooking rate is the amount of cooked rice dsra@tion of cooking time, and is strongly
affected by the temperature and the amount of cgokvater (Bello, Tolaba & Suarez, 2007,
Suzukiet al, 1976). When water temperature is increased t@éainisation temperature, starch
granules swell irreversibly, lose their crystalyjnand gelatinise (Metcalf & Lund, 1985). Rice
starch starts to gelatinise between 61 antiC88epending on the variety (Cuevas, Daygon, Corpuz,
Nora, Reinke, Waters, & Fitzgerald, 2010) at atnhesizc pressure. When a long grain variety was
soaked/cooked from 25-90 °C, the water absorptorves showed a rapid increase in the
diffusion of water at around 65 °C (Belkt al, 2007). The changes in the activation energy for
diffusion and physical change at 60 °C indicate bedow this temperature the structural change of
water and rice components was the limiting factbilevabove 60 °C the diffusion of water became
the limiting factor for water absorption with thelgtinised starch physically preventing penetration
of water (Belloet al, 2007; Suzukiet al, 1976). These results are consistent with theysaid
Chakkaravarthi et al. (2008).

The amount of starch that leaches from milled dagng soaking at 85 °C ranges from 1.9 — 3.7 %
(Wada, Umemoto, Aoki, Tsubone, Ogata, & Kondo, 30difid was positively correlated with the
overall eating quality, including glossiness, tastardness and stickiness, whereas the amount of
leached amylose correlated negatively with overating quality, as measured by sensory analysis

with a Japanese panel (Wadial, 2010). Japanese consumers prefer stickier rioe,aahigher
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amount of amylose in the leachate has been repootetbcrease stickiness (Hanashiro, Ohta,
Takeda, Mizukami, & Takeda, 2004), as the leachedcls and amylose is discarded with the
cooking water. As well as affecting the amount eddhed components, the moisture content
strongly affects cooked rice texture. In excessewaltiffusion is not limited, thus the moisture
content increases with increasing cooking time aoel cooked in excess water for 16 min was
significantly harder than cooked for 18, 20 or 22 as measured with a texture analyser (Bilkts
al., 2012a).

2.2.1 Cooking by absorption

Another popular home cooking method, used by ewdlgnall electronic rice cookers, is to cook
rice with a predetermined amount of water until weger is fully absorbed. A recommendation for
the optimum W/R was given by the International RResearch Institute in the Philippines
depending on the amylose content of rice: for aaghof milled rice, 1.3 times as much water for
waxy rice, 1.7 times as much water for low amyl@k2— 20 %) rice, 1.9 times as much water for
intermediate amylose (21 — 25 %) rice, and 2.1 diae much water for high amylose (> 25 %) rice
is added to ensure well cooked rice (Perez & JaliaA79).

In contrast to cooking in excess water, cookingabgorption does not ensure a uniform treatment
throughout the bulk sample because the moistureenbof individual rice kernels varies with their
location due to non-uniformity of heat distributigDas et al, 2006). Sensory properties of rice
cooked with the absorption cooking method have lm®tysed, however little research has been
done on the water diffusion and cooking mechanisthis method. Kasai et al. (2005) cooked rice
grains with a fixed water amount and showed thatdlstribution of moisture inside the grains
changed during boiling. Water diffuses through olier layer of rice grains first until completely
absorbed. As boiling continues, absorbed waterante with ungelatinised starch until water
distribution is even in the whole rice grain (Kadagéwis, Marica, Ayabe, Hatae, & Fyfe, 2005),
preconditioned that there was sufficient water émmplete gelatinisation. Unfortunately, the
leaching of components was not measured, thougihéeiastarch gelatinised on the surface of the
grains might decrease the diffusion of water praiias cooking proceeds. A low W/R ratio might
therefore create a gelatinised starchy coatindherstirface the grain, without leaving enough water
to gelatinise the starch at the centre of the giesding to a hard core. Comparing rice with the
same moisture content that has been cooked in £xegter or with the absorption method might

therefore show a different distribution of moistuvghin the grain, but this hypothesis remains to

10
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be investigated. This effect may be prevented kakisg the rice prior to cooking as described
earlier.

A rice cooker was used by Bett-Garber et al. (206G low, recommended and high W/R to test
the effect of W/R on sensory attributes of vari@a®ked rice. Sensory analysis showed that a
higher W/R increased the initial starchy coatingkaess, stickiness between grains, cohesiveness,
and uniformity of bite, while decreasing the hahestickiness to lips, springiness and chewiness
(Bett-Garberet al, 2007). Starch that leaches from rice grains cam fa gel that coats the surface
of the rice kernel (Fitzgerald, 2004) and higheRWeésults in a greater amount of starch leaching,
thus the coating of grains increases stickiness.ishin contrast to cooking in excess water, where
the leached components are discarded with the egokater (Wadeaet al, 2010). The sensory
attributes of roughness, cohesiveness of massum@iabsorption, residuals or toothpacking were
not significantly affected by W/R (Bett-Garbert al, 2007) nor were any flavour attributes (Bett-
Garberet al, 2007; Srisawas & Jindal, 2007).

Consumer preference for cooking method is dependernte rice variety being consumed. For
example, the acceptance of long grain and Thai id@&smice was higher when cooked by
absorption, producing stickier, firmer, drier riegth a more acceptable flavour and appearance
while Basmati rice was preferred when cooked ireesavater (Crowhurst & Creed, 2001).

For the purposes of industrial production of coneece rice, the absorption method has serious
limitations due to being a batch process with noifieum distribution of heat and moisture during
cooking, though this method is 33 % more energigciefit compared to the excess water method
(Billiris, Siebenmorgen & Wang, 2012b; Desal, 2006), and is recommended when a stickier rice
texture is desirable. However, design of a contirsuyarocess that utilises absorption method has the
potential to produce a consistent product, in agrgnefficient manner with reduced waste water

production.

2.2.2 Cooking under pressure
One of the major issues faced by companies praggssnvenience rice is that both the flavour and
texture of convenience rice are considered to bexior to freshly cooked rice (Sabularst al,
1991). In Japan, HP treated, shelf-stable pacKetseohave been successfully launched.
When the temperature of the cooking water excee@3°C, using a combination of high
temperature (140 °C) and pressure up to 0.5 Mlea, grains are shorter, softer and stickier in
texture with more off-white colour than when theye acooked in ambient condition
(Leelayuthsoontorn & Thipayarat, 2006). The mianestiural analysis revealed that the softer

texture at higher cooking temperature may be rélaiethe increase in pore size and thickness of
11
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the sponge-like texture of the inner layer of thdasperm (Leelayuthsoontorn & Thipayarat, 2006).
Excess water at temperatures below 140 °C wastegboot sufficient to generate a coating film of
leached amylose on rice grains that could incretis&iness (Leelayuthsoontorn & Thipayarat,
2006). However this contradicts other studies, whibe leaching of amylose is reported to be
negatively correlated with stickiness at cookingperatures below 140 °C (Hanashatoal, 2004;
Mestreset al, 2011). In the study of Mestres et al. (2011), rilke was not rinsed after cooking,
whereas the rice used by Leelayuthsoontorn eR8DG) was rinsed and cooled after cooking, so
the starchy coating is expected to be rinsed affraay reduce stickiness of the grains. The cooking
temperature altered the external appearance ofedodke and its texture, while an increase of
pressure up to 0.5 MPa seemed to have little @fieat (Leelayuthsoontorn & Thipayarat, 2006).
When pressure in the range of 100 — 1000 MPa iowed with moderate temperature, 25 — 50 °C,
and a short processing time from 2 — 20 min, iteierred to as high pressure processing (HPP)
(Knorr, Heinz & Buckow, 2006). The mechanism of g&latinisation of starch is different from
heat induced gelatinisation. Under heat treatmedtia excess water, the amorphous region of
starch granules swells before helix-coil transsgiom amylose and amylopectin, removing
crystalline order, with eventual loss of granul&musture (Buckow, Heinz & Knorr, 2007). In
contrast, scanning electron microscopy images sti@aw non-waxy starch granules retain their
integrity after HPP at 600 MPa, while waxy starchryles lose their integrity (Het al, 2011).
This indicates that amylose, perhaps due to itg ldmain structure, stabilizes the granules and
prevents them from disintegrating, whereas grancd@sposed entirely from amylopectin are more
readily degraded by pressure. Under pressure, di@sm and helix unwinding might be
suppressed because van der Waals forces and hypdbogels are stabilized and strengthen the
helix structure (Buckovet al, 2007), thus decreasing the leaching of amylosesequently, starch
granules keep their integrity under pressure. ldRttnent is also suggested to redistribute the water
in the amorphous region leading to a shift in thesg transition temperature, thus gelatinisation is
possible at room temperatures due to lowered erreggyrement for melting the crystalline regions
(Liu, Selomulyo & Zhou, 2008). The gelatinisationder HP is dependent on pressure, starch
concentration, time, temperature and solvent qudlitu, Hu & Shen, 2010). As an example, rice
starch granules in a suspension (20 % w/w) staxetbse their integrity at 600 MPa at room
temperature after 30 min (Li, Bai, Mousaa, Zhang;lé&en, 2012).

A rice flour slurry pressurised at 650 MPa for 1B was compared to a heat treated counterpart
(90 °C for 30 min) and showed significantly higledastic modulus as measured with a rheometer
(Ahmed, Ramaswamy, Ayad, Alli, & Alvarez, 2007).€ralastic modulus increased with increased

12
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pressure treatment (350 — 650 MPa at ambient tenper 15 min). In this case, rice flour slurry
containing protein required higher pressure totgete completely compared to rice starch slurry
without protein. The reason might be that protemd atarch compete for water (Ahmed al,
2007); the more water is bound to protein, the iessrailable for starch, thus a higher pressure is
needed for complete gelatinisation. There is a theall knowledge about HPP and its impact on
gelatinisation and leaching behaviour of variowsdt and starch gels, however knowledge about
the effect on whole rice grains is needed.

Soaked and subsequently high pressure treatedragss at 300 or 400 MPa for 2 or 4 min showed
increased instrumental hardness and cohesiveness ribe that was freshly cooked in the
microwave. After microwaving the HP treated rice @@ s hardness and cohesiveness decreased
and were similar to the sample that was only mienod (Boluda-Aguilaet al, 2013). The results

of changes in textural properties are consistetit Wiose reported elsewhere (Tienhal, 2014).
The higher hardness of HP treated rice before miaving may be due to the incomplete
gelatinisation and a low moisture content of 32593 respectively (Boluda-Aguilaet al, 2013).
The moisture contents of microwaved rice with antheut HP treatment were not compared,
therefore it remains to be investigated why thedhass and cohesiveness changed after
microwaving of HP treated rice. Compared to a Jasmice cooked with a W/R of 1.5 in a rice
cooker, the HP treated, microwaved rice was sigaifily harder (Srisawas & Jindal, 2007). A
satisfactory explanation and discussion about teehanism at a molecular level that might cause
these textural differences is needed.

The effect of HPP on the aromatic profile of risecomplicated and dependent on the rice varieties
as well as the pressure-temperature combinatiosh ([Beng, Zhong, Yu, Yue, Liu, Zheng, & Zhao,
2013). Volatile compounds from a Jasmine and jagomice variety, soaked at 25 °C, were
analysed after HPP at 200, 400 and 600 MPa befudergoing solid phase micro extraction gas
chromatography mass spectrometry (Dengl, 2013). Changes in the volatile composition were
observed, with aldehyde concentration decreasinge mmo the Jasmin than the japonica rice.
Pressure treatment at 200 or 400 MPa increasedotieentration of alcohols, ketones, esters and
olefins, but reduced those of heterocycles, alkares arenes. Heterocycles such as 2-acetyl-1-
pyrroline, which is considered to be the major dbaotor to aroma in aromatic rice (Buttery, Ling
& Juliano, 1982), changed in a inconsistent pattEmending on pressure and rice variety (Deing
al., 2013). Since only two rice varieties were invgsted and these two rice samples show
inconsistent volatile change after HPP, there ésdpportunity to test the effect of HPP on volatile
compounds on a larger set of samples of diffeneetvarieties, including brown rice. The flavour
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change in convenience rice was tested with Jasmage soaked for O — 60 min followed by
processing it at 300 and 400 MPa for 2 and 4 mspeetively (Boluda-Aguilaret al, 2013).
Following this, a second treatment of 570 MPa wagliad for 20 min, the rice was cooled and
reheated in a microwave for 90 s and compared tangeated control rice that was freshly cooked
in a microwave for 10 min. Sensory analysis showaeligher acceptance for rice undergoing a
single cycle of HP treatment compared to freshiykeal rice with the highest sensorial appreciation
obtained using a soaking period of 45— 60 minloweéd by a pressure treatment at 300 MPa
(Boluda-Aguilar et al, 2013). The pressure treatments greater than 328 Md to significant
losses in perception of aroma when compared tofréghly cooked sample, which is due to
alterations in the composition of volatile composiidenget al, 2013). Since interactions between
individual flavour compounds and small changeshm ¢oncentration of one compound may have
major effects on the overall flavour, it is necegstp conduct descriptive sensory analysis in
addition to pure chemical and instrumental analtsibetter understand the effects of HPP on the
overall flavour perception.

In summary, producing consumer acceptable conveeieice requires accurate control over the
cooking methodologies that may vary with rice typée different cooking processes including
boiling in excess water, absorption of a predeteeaiwater amount and pressure cooking modify
the texture and flavour of rice grains, often ipradictable manner. The necessity of using a batch-
cooking process when using absorption or pressaoskittg methods causes difficulties in applying
these techniques to industry on a big scale, #sess water is the most common cooking method
used. With this cooking method, water absorptiomas limited, causing greater solid leaching,
mainly starch, and by removing the starchy coatieducing the stickiness of rice. HPP as a non-
thermal process is a promising technique to prodweeenience rice. The research conducted on
HPP indicates that pressures affects the amorphodsordered structure of starch, decreasing
amylose leaching and resulting in harder and laskiar rice. Therefore, it would be interesting to
investigate how the ordering and interaction betwstarch molecules change under HP and how
cooked rice texture can be modified accordinglye Tiiteraction between pressure and rice protein
in rice flour slurry affects texture and remainsbi® investigated whether it has an effect in whole
rice grains. HP cooking alters the volatile compatsiat certain pressure, which impacts the flavour
and acceptability of convenience rice, however, @arsystematic analysis of alterations in the

volatile composition of different rice varietiesdaits effect on sensory is necessary.
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2.3 Post-cooking processes

Post-cooking processes are typically conductedénindustry to supress microbiological growth
and extend the shelf life of rice, and are dividatb three categories: (1) low temperature
treatments such as cooling or freezing; (2) higmperature treatments such as retorting and
canning, drying; and (3) storage conditions, dusiigch textural properties of cooked rice change
due to structural changes in starch, the movemewnater into or out of grains, and the loss and
change of flavour components. Applying one or a loioiation of post-cooking processes can be

very effective to prevent or delay changes to sgngmperties.

2.3.1 Low temperaturetreatments

Cooling or refrigerating is rarely used with riae home cooking before consumption, but it is
important for convenience rice to be cooled quickiter cooking, and before sterilisation (e.g. in
retorted rice) to prevent further gelatinisationstdrch and the growth of surviving food pathogens
(Zhang & Sun, 2006). The most commonly applied meshto cool cooked rice are air-blast
cooling and cold room cooling, both of which digptiifferent effects on the physical properties of
rice (Ma & Sun, 2009). There was no change in imséntal hardness when using air-blast cooling,
however the hardness and cohesiveness increaseccali room cooling for long grain rice, but
not for Japanese or Jasmine rice (Ma & Sun, 2@D8hesiveness only increased for long grain rice
after air-blast cooling, and for long grain andalagse rice after cold room cooling. There waslittl
loss of moisture of long grain, Japanese and Jasmdage when using air-blast cooling or in
Japanese rice when using cold room cooling (ardi#yl therefore, the cooling method and rice
variety both affect textural change, whereas mogskoss had little or no impact (Ma & Sun, 2009).
A higher cooling rate by cold room cooling (3.36th) decreased instrumental hardness and
increased adhesiveness of cooked rice comparedltwacooling rate (0.4 °C/min) (Yu, Ma, Liu,
Menager, & Sun, 2010a). In contrast to Ma et al0@), there was no difference in moisture
content after cooling, thus textural differencesaveorrelated with reduced starch retrogradation
enthalpy at a higher cooling rate.

Less common methods such as plate cooling, vacualing or rinsing with cold water are also
applied (Meullenetet al, 1998; Smith, Rao, Liuzzo, & Champagne, 1985; gh&nSun, 2006).
Vacuum cooling is the fastest cooling method arslilte in the greatest moisture loss (Zhang &
Sun, 2006), and is, thus, expected to increasehacgness. Rinsing rice with cold water is used to
stop the cooking process prior to retorting (Smeitfal, 1985), and washes away the starchy coat of

rice grains, which reduces the stickiness of wadaet al, 2010).
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Freezing is applied to extend the shelf life of\veamence rice, and frozen rice needs less time to
prepare than raw rice. In Japan, frozen rice isgy popular, but expensive convenience rice
product, due to its time and energy intensive petidn; it is either warmed in a microwave for
3.5 —4.5 min or boiled for 2 — 3 min to prepardoit consumption (Ohtsubo, Okunishi & Suzuki,
2004). One way of commercially producing frozereris to first soak the rice, then steam cook it
before cooling it with an air-blast cooler, thensitpacked in cartons or pouches and frozen in air-
blast freezers (Tressler, 1968). Similar to coolngcesses, slow freezing rates (0.09 °C/min) resul
in a significantly lower moisture content of cookeide compared to a rapid freezing rate
(1.45 °C/min) (Yuet al, 2010a). Simultaneously, larger ice crystals amnéd at slow freezing
rates which cause more damage to cellular strustiabowing water to migrate rapidly to the
outside of the product during thawing (syneresiQr frozen rice, the transportation from the
factory to the retailer and the consumer beforesaomption will involve freeze-thawing if there is
any kind of breakdown in the cold storage chaind #ms leads to undesirable changes in the
texture. Syneresis occur upon thawing and phasaratpn is enforced, larger ice crystals are
formed again after freezing, increasing the poze sff rice starch gel and producing a porous and
spongy texture after reheating (Arunyanart & Charem, 2008). In contrast, other studies reported
that reheated frozen rice is virtually indistindwable from its unfrozen counterparts and storage at
18 °C up to one year appears to have no deletegfbests on quality (Luh, 1991a).

Freezing cooked rice is effective at extending fshfel, however it is energy intensive and affects
cooked rice texture significantly when freeze-thayvioccurs. While the changes in texture are
understood to some extent there is little infororatabout the appearance or the change in volatile
compounds and flavour of rice after chilling andezing. The high energy cost in production and
the vulnerability to failures in the cold storaggply chain increase the cost for the consumer and

the risk to quality deterioration.

2.3.2 High temperature treatments

To produce convenience rice products that are -shediie at room temperature, a commercial
sterilisation process is necessary, the most conmhevhich is heat treatment. For low acid foods
like rice, the product must undergo a treatmenthm range of 112 — 125 °C for 8 — 10 min for
microbial as well as spore inactivation (PrakasayiRSathish, Shyamala, Shwetha, & Rangarao,
2005).

Retorted rice was first developed in Japan in #réyel970s (Ohtsubet al, 2004) and is a process

of sterilisation after cooking or partially cookimge. Over 750 million pouches of retorted foods
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are consumed in Japan annually, whereby steamey niaxwith red beans accounts for 89 % of
all retorted rice in Japan (Luh, 1991a). The repvdcess consists of time-temperature conditions
required to sterilise a product and ensure it fe $ar consumption and shelf-stable for up to 12
months (Prakaskt al, 2005). It is an in-package process, where thecpoded rice is filled into
heat resistant pouches or cups, sealed and stdrbiatch-wise in a steam retort plant, whereby the
temperature time combination ranges from 112 °C 30min to 125 °C for 8 min, then after
retorting, the pouches are cooled with water (Pstakaal, 2005). Oil can be added before retorting
to facilitate free flow of cooked grains during thiéing procedure, although it is also possible to
omit the cooking step before retorting to removéidilties with handling sticky cooked rice
(Kobayashi, Sasaki, Matsuo, & Ohba, 1991). Befewaisg the rice pouches or cups, the air in the
headspace is partially replaced by nitrogen todwvmidesirable colour development and oxidation
(Kobayashiet al, 1991).

A problem with retorted rice is off-flavour, and anferior texture has been found to occur that has
been associated with excess heating (Ohtsetbal, 2004). Compared to freshly cooked rice,
retorted rice which was partially cooked and theatlad again at 118 °C for 8 min with 10 % added
oil was slightly harder and stickier as measured ligxture analyser compared to freshly cooked
rice (Prakashet al, 2005). The retorted rice without oil was harded astickier than the rice
processed with oil though the significance of thifference was not reported. When partial cooking
is eliminated, time and energy can be saved witls@® acceptance tests rating the product as
highly as rice cooked in excess water (Kobayathal, 1991). It has not been reported how the
retort process or the added oil changes the welatimpounds and aroma of rice, and this is worth
exploring to assist the design of desirable coresere rice eating quality by adjusting relevant
process parameters.

Another high temperature product is canned riceichviis available with meat, in casseroles, as
Spanish rice, plain cooked rice, fried rice, rieglgings or as soups with rice (Luh, 1991a). These
products are important for people where cookinglifees are limited or unavailable (Patindol,
Gonzalez, Wang, & McClung, 2007), or when food nsiay stable for several years under natural
conditions (Ohtsube@t al, 2004). Ideally, canned rice grains should be eyhite kernels should
remain separate and non-cohesive, with resistanimngitudinal splitting and fraying of edges and
ends, and yield minimal leached solids into thettbi®@ergman, Bhattacharya & Ohtsubo, 2004;
Luh, 1991a; Webb, 1979). One production methodiillt partially cooked rice, that has been
rinsed and cooled, without additional water intmsgLuh, 1991a; Roberts, Houston & Kester,
1953). This process is similar to retorting thusikir properties are assumed. To minimize grain
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cohesion during retorting, cooking oil, oil emulsior emulsifiers are added (Ferrel, Kester &
Pence, 1960; Prakagh al, 2005). A second method to produce canned rite a&&ld parboiled or
raw rice and excess water to cans before retorgraguced this way the grains remain white and
well separated, but become distorted and mushyppearance (Alary, Laignelet & Feillet, 1977)
since water diffusion is not limited, thus rice igsaundergo disintegration more readily. To prevent
this, cross linking agents for starch such as émiohydrin, sodium trimetaphosphate or
phosphorous oxychloride may be used (Rutledgemi€lalames, 1974; Rutledge & Islam, 1973).
In comparison to rice without starch modificatior) % less starch leached out resulting in
increased integrity of rice grains during retortiagd less clumping of grains. The modified rice
was more stable after storage at 25 °C for 6 moatioswas also preferred by sensory panellists in
comparison to its unmodified counterpart (Rutle@gslam, 1976).

Canned rice has not been commercially successtiduse the excessive starch leaching during
canning led to a loss of structural integrity, distration, unpalatable odour and poor cooking
guality compared to instant parboiled rice (Ger®d3urns, 1982).

2.3.3 Drying

By reducing the water activity of cooked rice sifgossible to prevent microbial growth, this is €on
most simply by applying high temperature to dry tive. Drying cooked rice at high temperatures
produces a quick cooking convenience rice that rguis rapid rehydration before consumption
due to its porous structure (Carlson, Roberts &&sr1976). The variety of quick cooking rices,
also called instant rices, ranges from relativelgercooked rice that needs 10 — 15 min of cooking
time to a version that only needs 5 min preparatiioie and still reaches satisfactory acceptability
(Luh, 1991b; Smithet al, 1985). Important quality parameters for quick king rice are white
colour and a fast rehydration rate, but quick cogkiice is sensorially inferior to freshly cooked
rice with grains tending to crumble after rehydrati (Luangmalawat, Prachayawarakorn,
Nathakaranakule, & Soponronnarit, 2008; Luh, 199Mrasert & Suwannaporn, 2009;
Sripinyowanich & Noomhorm, 2013). Many patents ba production of quick cooking rice have
been filed (Baz, Hsu & Scoville, 1992; Carlson, Badb & Farkas, 1979; Lin & Jacops, 2002), but
little is reported about sensory analysis of quiokking rice compared to freshly cooked rice. The
principle to produce quick cooking rice is to sdhk rice until it reaches a certain moisture level
(e.g. 30 %) then to cook or pre-gelatinise it andidafterwards to 5 — 10 % moisture; this pregent
retrogradation and enables a shelf life of sevgears at room temperature (Ohtsudiaal, 2004;
Roberts, Carlson & Farkas, 1979; Semwal, SharmargaA1996). Driers for cooked rice include
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hot air drying (Luangmalawagt al, 2008; Semwalet al, 1996), flat bed drying (Prasert &
Suwannaporn, 2009), convective air drying and fedrying or some combination of methods
(Smith et al, 1985). During drying, water evaporates from thedpct, and the rate of evaporation
is a function of the temperature, vapour pressuaelignt, mass diffusion of water from the grain,
and the distance for vapour movement within theingsdructure (Singh & Heldman, 2001).
Initially, the surface of cooked rice is almostusated with water, and the water inside replaces th
surface water, as it evaporates. As drying progsedble surface dries and a porous structure forms
(Luangmalawatt al, 2008). The drying rate at a particular tempegatigcreases as water content
decreases, this is due to a decrease in heatdramisé to the low thermal conductivity of gas
compared to liquid in the highly porous structugngh & Heldman, 2001). When the moisture
content of rice falls below 30 % (d.b.), the dryirages were insignificantly different between high
(120°C) and low temperature (5C) (Luangmalawaet al, 2008).The high velocity air stream of

a centrifugal fluidized bed dryer rapidly carriesisture away from the surface and prevents grains
from sticking together, which is desired for cookmddium and short grain rice of high stickiness
(Robertset al, 1979). Increased drying temperatures causedcaease in hardness and chewiness
after rehydration of the instant rice (Prasert &&nonaporn, 2009) and increased the yellow colour
of cooked rice, especially when air is above 100likely due to Maillard reactions (Luangmalawat
et al, 2008). Despite the colour change, there was gaifgiant difference in shrinkage or
rehydration capability of rice when the drying tesrgture was varied from 50— 120
(Luangmalawatet al, 2008), which is in contrast to a previous stuByagert & Suwannaporn,
2009).

Freeze drying can also be used to prepare quickimgaoice, and is accomplished by freezing the
product, then decreasing the pressure of the amwient, so that water sublimes directly from solid
to gas (Singh & Heldman, 2001). After sublimatidrtite ice crystals, large pores remain and the
freeze dried rice is more fluffy and spongy thart b dried rice (Rewthong, Soponronnarit,
Taechapairoj, Tungtrakul, & Prachayawarakorn, 2044l the porosity of freeze dried rice at
0.04 mbar is higher than when dried at 1.25 mb#di@mopoulou, Krokida & Karathanos, 2011).
However, the mechanism how pressure affects pgrasés not analysed in that study. An
advantage of freeze drying rice is that it occle®Ww the glass transition of the polymer matrix and
many of the subsequent storage effects on stru@nce texture related to water and polymer
movement are retarded; this may also assist imetiemtion of small flavour molecules (Noel, Ring
& Whittam, 1990). Quick cooking rice produced byakimg, autoclaving, then a combination of
partial freeze drying and convective air drying weakydrated with boiling water for 5 min and
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displayed well separated grains that were cookethdocore, were white and had no or slightly
perceptible off-flavour compared to only air dri€simith et al, 1985); however, no comparison
between quick cooking and freshly cooked rice wasdacted. Both hot air drying and freeze
drying have their disadvantages: the high tempezadfi hot air drying causes colour change and
can degrade vitamins while freeze drying is an agpe, slow process that requires high energy
consumption. A combination of air drying, microwadeying and an osmotic process using a
glucose and sodium chloride solution to producelkqeboking rice showed improved colour and
texture than that produced only with hot air dryorgreeze drying (Chen, Qian, Zhang, Liu, & Lu,
2014). After rehydration, the quick cooking riceoguced by the new process was rated more
similar to freshly cooked rice in terms of flavowmiteness, hardness and elasticity as measured by
sensory analysis and instruments (Ckeal, 2014). Thus, the use of new drying technologres a
combinations of them may increase the quality adlfsstable dried rice compared to traditional

drying technologies although this may come at ai@@ant cost.

2.34 Storage

When cooked rice is stored, gelatinised starchystallises to an extent dependant on time,
temperature and moisture content and leads to elsangice sensory properties (Piggott, Morrison
& Clyne, 1991; Slade & Levine, 1987). During stagagtarch retrogradation, measured as the
change in enthalpy using differential scanning Galetry, was reported to correlate positively with
instrumental hardness and negatively with sticlsnascooked rice (Lima & Singh, 1993; Perdon,
Siebenmorgen, Buescher, & Gbur, 1999). Retrogradaticreases rapidly in the first 7 days of
storage, as amylose recrystallizes rapidly, and ihereases slowly after 14 days of storage as
amylopectin recrystallizes slowly (Baik, Kim, Chedtla, & Kim, 1997; Yu, Ma & Sun, 2010b).
The increase in enthalpy is negatively correlatath vétorage temperatures above the glass
transition temperature, resulting in an increaskardness (Lima & Singh, 1993). The decrease in
adhesion during storage was highest for high amyta®, followed by medium and low amylose
varieties (Lima & Singh, 1993).

To retard starch retrogradation in frozen ricesitacommended to store below the glass transition
temperature because the unfrozen phase of a gjaleh maintained at a glassy state surrounding
the ice, thus the mobility of molecules is reduaed diffusion limited properties are stable (Hsu &
Heldman, 2005). Besides the storage temperatugecdbling rate also affects retrogradation. The
study of Yu et al. (2010a) suggests a rapid coalatg combined with a storage at -18 °C to retard

starch retrogradation of cooked rice because arapoling rate of 1.45 °C/min needs a shorter
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freezing time, thus starch molecules do not hawe to reassociate compared to a slow cooling rate
of 0.09 °C/min.

A process that delays starch retrogradation is HeRer retrogradation as a function of storage
time was shown for completely gelatinised rice dtasuspensions treated at 600 MPa for 30 min
compared to starch suspensions boiled for 30 minetral, 2011). The delayed retrogradation was
explained by the smaller amount of freezable watet a different recrystallization mechanism in
HP treated starch, which is not fully understoot (@Bona, Feeherry & Baik, 2006). The amount
of leached amylose in heat treated rice starchesisspns decreased from around 95 to around 15 %
after one day of storage, whereas the HP soakedstarch suspensions (100 — 600 MPa, 30 °C)
only leached*5 % at the beginning and did not change througBbdutlays of storage because the
HP treated starch granules kept their integrity (&tual, 2011). A comparison between HP
gelatinised non-waxy rice starch and waxy starclatogsed under HP at ambient temperature
showed no difference of retrogradation as a funatibstorage time, which supports the notion that
high pressure affects amylose more than amylopéédiiret al, 2011). The elastic modulus of HP
induced gel was not sensitive to storage temperddfiC compared to 25C), whereas the elastic
modulus of heat induced gel was higher &C4(Douzals, Perrier Cornet, Gervais, & Coquille,
1998). The precise difference that these starcphepti@s will have on cooked whole grains remains
to be investigated.

Much work has been done on sensory and chemicblsiaf flavour after raw rice was stored for
a certain time and temperature and then cooked. eMew little is known about how
cooked/convenience rice flavour changes with diffiérstorage conditions. If other ingredients are
added to cooked rice, storage time and temperattgeexpected to lead to rancidity through
oxidative degradation of lipids (Champagne, 200gétt et al, 1991). The addition of 15 %
(w/w) sunflower oil to quick cooking rice after ding changed the fatty acid concentration and
composition of aldehydes, ketones and alkenes cadp@® rice without added oil; and after a
storage time of 4 months at 37 °C a significantngjeain these compounds occured which was
expected to change the flavour (Semwéalal, 1996). Unfortunately, no sensory analysis was
performed to show if the change in fatty acids ddo¢ sensed by consumers. Since flavour is a
decisive quality factor for consumers, its deteimm in convenience rice after storage should be
understood.

Preventing retrogradation can decrease changesalfed rice texture and can be achieved in
different ways including storage at higher temp@®t below the glass transition temperature or
applying HPP. The retrogradation rate of storeddrorice starch and HPP rice starch solutions was
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investigated, however, the effect of storage ortutexor flavour of convenience rice such as

retorted rice or quick cooking rice at differentnigerature remains to be investigated.

Post-cooking processes severely alter the sensopeqies of convenience rice. To cool cooked
rice, air-blast cooling is recommended by food pe3Drs to minimise moisture loss, and the higher
cooling rate limits changes in hardness and adbeess. Frozen rice has similar texture compared
to freshly cooked rice, when freeze-thawing camplevented, however the influence on volatile
compounds remains to be investigated. High temperdateatments increase the yellow colour and
deteriorate flavour and should be minimised. Dryangl freeze drying create a porous structure,
leading to a spongy texture upon rehydration fackjaooking rice, which is generally perceived as
inferior to freshly cooked rice. New technologieslaa combination of post-cooking processes are
being developed to reduce penalties of conveniemtige sensory experience of rice consumers.

3 Conclusions and future per spectives

The current sensory deficiencies of convenience ¢learly show great potential for improvement.
The quality of freshly cooked and convenience r&strongly affected by each processing step it
undergoes and by the addition of oil or starch stogking agents. Flavour deterioration in cooked
rice is caused by the oxidation of surface lipidd ¢he loss or change of volatiles, and the factors
related are found in Fig. 2. The oxidation of sceféipids is largely defined by the accessibility o
lipids to oxygen, therefore, storing the rice iryg&n accessible conditions or using processes, such
as washing or soaking which remove lipids or addasian aid to processing will alter oxidation.
Increases in molecular mobility result in the lo§some volatiles and this mobility is increased by
processes which use temperature treatments ab@&Cl6uch as drying or retorting, but can be
prevented by freezing. High temperature treatmsath as cooking, drying or retorting that occur
at or above 100 °C also increase the yellow coiouice due to Maillard reactions. The factors
affecting rice colour change are summarised in Rgwith the majority of colour change
preventable by using processing treatments undé @ preventing enzymatic browning. Beyond
affecting the appearance and flavour of rice, taatpee is an important mechanism in altering rice
texture by enhancing starch retrogradation, stanobility and water diffusion. These and other
mechanisms affecting the hardness of cooked rieesammarized in Fig. 4. The hardness of
cooked rice is reduced by increasing the size oépwithin the rice by cooking it in excess water
at temperatures above 140 °C, drying or througbzigethawing. Increasing the moisture content of
rice via increasing the W/R during cooking or sogkdecreases the hardness of processed rice.

22



693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725

Conclusions and future perspectives

Conditions, such as storing of cooked rice belog dblatinisation temperature but above freezing
temperature, allow significant polymer mobility ovéong periods of time increasing grain
hardness. The stickiness of cooked rice is alténedtchanges of the surface of the rice grain,
particularly amylose leaching and the loss of atlaychly coating and is depicted in Fig. 5. When
rice is washed, soaked or cooked in excess waieigce components such as starch molecules,
protein and surface lipids are lost, while cookimg absorption retains the majority of these
components creating a stickier starchy coating. ddhdition of oil or emulsifiers alters the grain
surface decreasing the stickiness while drying stadgch retrogradation alter the starchy coating
decreasing stickiness.

The majority of current, frequently used technigiresce processing alter the flavour and textural
properties of rice through the interaction of salanechanisms. These mechanisms are: the
elevation and reduction of temperature; the mgboit water and starch polymers; the creation of

pores; and the addition or removal of componentshvesult in colour and flavour changes.

As HPP is a non-thermal treatment it has greatnpaieto improve convenience rice sensory by
removing the detrimental changes to rice acceptalilie to high temperature. The mechanism by
which the HPP alters rice structure is poorly ustieyd but some relationships have been observed.
HPP shorter than 120 min without a subsequent ogoktep does not gelatinise rice starch
completely and leads to hard rice grains. Rice edakfter HPP reduces amylose leaching in rice
soaking process and decreases hardness, indiegatiegrease in polymer mobility. Differences in
molecular mobility may similarly alter the volatismmposition in cooked HPP rice with the loss of
volatile compounds depending on pressure-temperatambinations. The mechanisms of HPP
leading to stickier, and increased cooling ratexliley to less sticky rice grains are not well
understood yet. The changes may be due to a diffefect of HPP on molecular mobility of
starch molecules inside the grain compared to temtye treatments. Additionally, the influence of
HPP on starch retrogradation in convenience riageunarious storage conditions remains to be
investigated.

Often only observations in changes of texture oiseey properties as a result of certain treatment
conditions are reported, but the causation and amesim between processing, kinetics, molecular
changes and resulting quality, is missing. Thegsfturther research is necessary to investigate how
each processing step affects the structural, pbglsamical and mechanical properties of rice, that

ultimately lead to eating quality and sensory petio& such as appearance, texture and flavour.

23



Conclusions and future perspectives

726
127
728
729 Acknowledgements

730 The review was financially supported by the AustralResearch Council (ICI30100011) and the

731 University of Queensland, Australia.

24



732

733
734
735

736
737
738

739
740
741

742
743
744

745

746
747
748

749
750

751
752
753

754
755
756

757
758
759

760
761

762
763
764
765

References

References

Ahmed, J., Ramaswamy, H. S., Ayad, A., Alli, |.,Avarez, P. (2007). Effect of high-pressure
treatment on rheological, thermal and structurahnges in Basmati rice flour slurry.
Journal of Cereal Science, @, 148-156. doi:http://dx.doi.org/10.1016/j.jo30.01.006

Alary, R., Laignelet, B., & Feillet, P. (1977). Effts of amylose content on some characteristics of
parboiled rice. Journal of Agricultural and Food Chemistry, (2, 261-264.
doi:10.1021/jf60210a040

Arunyanart, T., & Charoenrein, S. (2008). Effectsoicrose on the freeze—thaw stability of rice
starch gels: Correlation with microstructure aneerable waterCarbohydrate Polymers,
74(3), 514-518. doi:http://dx.doi.org/10.1016/j.canh@008.04.002

Baik, M.-Y., Kim, K.-J., Cheon, K.-C., Ha, Y.-C., &im, W.-S. (1997). Recrystallization kinetics
and glass transition of rice starch gel systéaurnal of Agricultural and Food Chemistry,
45(11), 4242-4248.

Baz, A. A., Hsu, J. Y., & Scoville, E. (1992). Pesgtion of quick cooking rice: Google Patents.

Bello, M., Tolaba, M. P., & Suarez, C. (2004). feastaffecting water uptake of rice grain during
soaking. LWT - Food Science and  Technology, (87 811-816.
doi:http://dx.doi.org/10.1016/j.lwt.2004.02.014

Bello Marcelo, O., Tolaba Marcela, P., & Suarez,(2008). Hydration Kinetics of Rice Kernels
under Vacuum and Pressum¢ernational Journal of Food Engineerir{yol. 4).

Bello, M. O., Tolaba, M. P., & Suarez, C. (2007)aM absorption and starch gelatinisation in
whole rice grain during soaking.WT - Food Science and Technology(230313-318.
doi:http://dx.doi.org/10.1016/j.lwt.2005.09.017

Bergman, C. J., Bhattacharya, K. R., & Ohtsubo(2004). Rice end-use quality analysis. In E. T.
Champagne (Ed.)Rice: Chemistry and Technologyol. 3, pp. 415-472). St. Paul,
Minnesota, U.S.A: American Association of Cereak@imsts, Inc.

Bett-Garber, K. L., Champagne, E. T., Ingram, D, & McClung, A. M. (2007). Influence of
Water-to-Rice Ratio on Cooked Rice Flavor and TextGereal Chemistry Journal, §4),
614-619. doi:10.1094/CCHEM-84-6-0614

Bhattacharya, K. R. (2011). 6 - Cooking qualityrick. In K. R. Bhattacharya (EdRice Quality
(pp. 164-192). Sawston, Cambridge, UK: Woodheadighihg.

Billiris, M. A., Siebenmorgen, T. J., Meullenet,Rl, & Mauromoustakos, A. (2012a). Rice degree
of milling effects on hydration, texture, sensondanergy characteristics. Part 1. Cooking
using excess water. Journal of Food Engineering, 1(8, 559-568.
doi:http://dx.doi.org/10.1016/j.jffoodeng.2012.07500
25



766
767
768
769

770
771
772

773
774

775
776
777

778
779

780
781
782
783

784
785
786
787

788
789
790

791
792

793
794
795

796
797

798
799
800

References

Billiris, M. A., Siebenmorgen, T. J., & Wang, Y. (R012b). Rice degree of milling effects on
hydration, texture, sensory and energy charadsidart 2. Cooking using fixed, water-to-
rice ratios. Journal of Food Engineering, 118, 589-597.
doi:http://dx.doi.org/10.1016/}.jfoodeng.2012.07600

Boluda-Aguilar, M., Taboada-Rodriguez, A., Lopezr@®Z, A., Marin-Iniesta, F., & Barbosa-
Céanovas, G. V. (2013). Quick cooking rice by highdtostatic pressure processingvT-
Food Science and Technology(5j1 196-204.

Brown, L. G., & McEnally, M. R. (1992). CONVENIENCHEBEFINITION, STRUCTURE, AND
APPLICATION. Journal of Marketing Management (10711988p)2

Buckow, R., Heinz, V., & Knorr, D. (2007). High m®ure phase transition kinetics of maize starch.
Journal of Food Engineering, &), 469-475.
doi:http://dx.doi.org/10.1016/}.jffoodeng.2006.11702

Buttery, R., Ling, L., & Juliano, B. (1982). 2-Agktl-pyrroline: an important aroma component of
cooked riceChemistry and Industr®58-959.

Byun, Y., Hong, S. I., Mangalassary, S., Bae, K.Choksey, K., Park, H. J., & Whiteside, S.
(2010). The performance of organic and inorganeted retort pouch materials on the shelf
life of ready-to-eat rice producttWT - Food Science and Technology(6},3 862-866.
doi:10.1016/j.lwt.2010.01.009

Calingacion, M. N., Boualaphanh, C., Daygon, V. Bnacleto, R., Sackville Hamilton, R., Biais,
B., . . . Fitzgerald, M. A. (2012). A genomics amdilti-platform metabolomics approach to
identify new traits of rice quality in traditionahd improved varietied/detabolomics, ),
771-783. d0i:10.1007/s11306-011-0374-4

Carlson, R. A., Roberts, R. L., & Farkas, D. F.18P Preparation of quick-cooking rice products
using a centrifugal fluidized bedJournal of Food Science, @), 1177-1179.
doi:10.1111/}.1365-2621.1976.tb14411.x

Carlson, R. A., Roberts, R. L., & Farkas, D. F.19P Process for preparing quick-cooking rice:
Google Patents.

Chakkaravarthi, A., Lakshmi, S., Subramanian, RHe&gde, V. M. (2008). Kinetics of cooking
unsoaked and presoaked ricdournal of Food Engineering, &), 181-186.
doi:http://dx.doi.org/10.1016/j.jffoodeng.2007.02106

Champagne, E. T. (2008). Rice aroma and flavoritédture reviewCereal Chemistry, §8),
445-454,

Champagne, E. T., Bett-Garber, K. L., Fitzgerald,Al Grimm, C., Lea, J., Ohtsubo, K. i., . . .
Reinke, R. (2010). Important Sensory Propertiedel@htiating Premium Rice Varieties.
Rice, 34), 270-281. doi:10.1007/s12284-010-9057-4

26



801
802
803

804
805
806
807

808
809

810
811
812

813
814

815
816
817

818
819
820

821
822
823

824
825

826
827

828
829
830

831
832
833

References

Chen, X., Qian, P., Zhang, X.-J., Liu, F.-N., & lR.-R. (2014). Improving Instant Rice Quality by
Novel Combined Drying.  Drying Technology, 322), 1448-1456.
doi:10.1080/07373937.2014.900503

Chiang, P. Y., & Yeh, A. I. (2002). Effect of soagi on wet-milling of riceJournal of Cereal
Science, 38), 85-94. Retrieved from http://ac.els-cdn.co@”/$3521001904199/1-s2.0-
S0733521001904199-main.pdf?_tid=fb8d0b66-2f09-1847e-
00000aab0feb&acdnat=1409268245 173c4982149747a848b0631d2ff

Crowhurst, D. G., & Creed, P. G. (2001). Effectamioking method and variety on the sensory
quality of rice.Food Service Technology3l- 4), 133-140.

Cuevas, R. P., Daygon, V. D., Corpuz, H. M., Ndta, Reinke, R. F., Waters, D. L. E., &
Fitzgerald, M. A. (2010). Melting the secrets oflagmisation temperature in rice.
Functional Plant Biology, 3B), 439-447. doi:http://dx.doi.org/10.1071/FP09258

Das, T., Subramanian, R., Chakkaravarthi, A., Singh Ali, S., & Bordoloi, P. (2006). Energy
conservation in domestic rice cookidgurnal of Food Engineering, %), 156-166.

Deng, Y., Zhong, Y., Yu, W., Yue, J., Liu, Z., Zlgr¥., & Zhao, Y. (2013). Effect of hydrostatic
high pressure pretreatment on flavor volatile peofif cooked riceJournal of Cereal
Science, 5@), 479-487.

Doona, C. J., Feeherry, F. E., & Baik, M.-Y. (2008Yater Dynamics and Retrogradation of
Ultrahigh Pressurized Wheat Stardournal of Agricultural and Food Chemistry, B48),
6719-6724. doi:10.1021/jf061104h

Douzals, J. P., Perrier Cornet, J. M., Gervais, &.Coquille, J. C. (1998). High-Pressure
Gelatinisation of Wheat Starch and Properties oéssure-Induced Gelslournal of
Agricultural and Food Chemistry, 482), 4824-4829. doi:10.1021/jf971106p

Ferrel, R., Kester, E., & Pence, J. (1960). Usemotlsifiers and emulsified oils to reduce cohesion
in canned white ricdzood Technology, 12), 102-105.

Fitzgerald, M. A. (2004). Starch. In E. T. Champag¢Bd.),Rice: Chemistry and Technology
(Vol. 3, pp. 109-141). St. Paul, Minnesota, U.SMuerican Association of Cereal Chemists, Inc.

Fukai, Y., & Tukada, K. (2006). Influence of presténg on quality of cooked rice maintained at a
constant temterature (Influence of cooking condgion quality of cooked rice, 1)Journal
of the Japanese Society for Food Science and Tejn@Japan)

Genkawa, T., Tanaka, F., Hamanaka, D., & Uching2011). Incidence of open crack formation
in short-grain polished rice during soaking in waa¢ different temperaturedournal of
Food Engineering, 143), 457-463. doi:http://dx.doi.org/10.1016/j.jfcaty.2010.09.022

27



834
835

836
837
838

839
840

841
842
843

844
845
846
847

848
849
850

851
852
853

854
855
856

857
858
859

860
861
862

863
864

865
866

References

Gerdes, D. L., & Burns, E. E. (1982). Techniquas@anning Instant Parboiled Ricéournal of
Food Science, 4%), 1734-1735. doi:10.1111/j.1365-2621.1982.tb@6K02

Gofton, L., & Ness, M. (1991). Twin Trends: Healthd Convenience in Food Change or Who
Killed the Lazy Housewife? Britsh Food Journal, 9@), 17-23.
doi:doi:10.1108/EUM0000000002352

Han, J.-A., & Lim, S.-T. (2009). Effect of presoagion textural, thermal, and digestive properties
of cooked brown riceCereal Chemistry, &), 100-105.

Hanashiro, I., Ohta, K., Takeda, C., Mizukami, &.Takeda, Y. (2004). Leaching of Amylose and
Amylopectin during Cooking of Rice Grains and ThEifect on Adhesiveness of Cooked
Rice.Journal of Applied Glycoscience,(®), 349-354. doi:10.5458/jag.51.349

Horigane, A. K., Takahashi, H., Maruyama, S., ObtsuK., & Yoshida, M. (2006). Water
penetration into rice grains during soaking obseriog gradient echo magnetic resonance
imaging. Journal of Cereal Science, @), 307-316.
doi:http://dx.doi.org/10.1016/}.jcs.2006.07.014

Hsu, C.-L., & Heldman, D. R. (2005). Influence ddgp transition temperature on rate of rice starch
retrogradation during low-temperature storalyrirnal of Food Process Engineering,(28
506-525. d0i:10.1111/j.1745-4530.2005.00036.x

Hu, X., Xu, X., Jin, Z., Tian, Y., Bali, Y., & XieZ. (2011). Retrogradation properties of rice starch
gelatinised by heat and high hydrostatic presshiteR). Journal of Food Engineering,
106(3), 262-266.

Huang, S. L., Jao, C. L., & Hsu, K. C. (2009). Effeof hydrostatic pressure/heat combinations on
water uptake and gelatinisation characteristicgapbnica rice grains: a kinetic study.
Journal of Food Science, {@), E442-E448.

Kasai, M., Lewis, A., Marica, F., Ayabe, S., Hat&e, & Fyfe, C. A. (2005). NMR imaging
investigation of rice cooking. Food Research International, @8, 403-410.
doi:http://dx.doi.org/10.1016/j.foodres.2004.10.012

Kasai, M., Lewis, A. R., Ayabe, S., Hatae, K., &f&yC. A. (2007). Quantitative NMR imaging
study of the cooking of Japonica and Indica rfegod Research International, @&), 1020-
1029. doi:http://dx.doi.org/10.1016/j.foodres.2@x 010

Knorr, D., Heinz, V., & Buckow, R. (2006). High m®ure application for food biopolymers.
Biochimica et Biophysica Acta (BBA)-Proteins andteéomics, 1768), 619-631.

Kobayashi, Y., Sasaki, H., Matsuo, N., & Ohba, WB41). Process for producing retort boiled rice:
Google Patents.

28



867
868
869
870

871
872
873

874
875

876
877
878

879
880

881
882

883
884

885
886
887

888
889
890

891
892

893

894
895

896
897
898

References

Kwak, H. S., Kim, H.-G., Kim, H. S., Ahn, Y. S.,dg, K., Jeong, H.-Y., & Kim, T. H. (2013).
Sensory Characteristics and Consumer Acceptanderadfen Cooked Rice by a Rapid
Freezing Process Compared to Homemade and Asepti@fed Cooked Ric@reventive
Nutrition and Food Science, (B, 67-75. doi:10.3746/pnf.2013.18.1.067

Lamberts, L., Brijs, K., Mohamed, R., Verhelst, &.Delcour, J. A. (2006). Impact of Browning
Reactions and Bran Pigments on Color of Parboilied.Rournal of Agricultural and Food
Chemistry, 5&6), 9924-9929. doi:10.1021/jf062140j

Leelayuthsoontorn, P., & Thipayarat, A. (2006). fDeal and morphological changes of Jasmine
rice under various elevated cooking conditidfmod Chemistry, 9@), 606-613.

Li, W., Bai, Y., Mousaa, S. S., Zhang, Q., & Shén,(2012). Effect of High Hydrostatic Pressure
on Physicochemical and Structural Properties ofeR&tarch.Food and Bioprocess
Technology, &), 2233-2241. d0i:10.1007/s11947-011-0542-6

Lima, I., & Singh, R. P. (1993). Objective measuesatof retrogradation in cooked rice during
storageJournal of Food Quality, 1%), 321-337. doi:10.1111/].1745-4557.1993.tb00% 19.

Lin, Y. H. E., & Jacops, L. (2002). Method of maffimuick cooking and instant rice: Google
Patents.

Liu, P.-L., Hu, X.-S., & Shen, Q. (2010). Effectlogh hydrostatic pressure on starches: A review.
Starch - Starke, §22), 615-628. doi:10.1002/star.201000001

Liu, Y., Selomulyo, V. O., & Zhou, W. (2008). Effeof high pressure on some physicochemical
properties of several native starcheémurnal of Food Engineering, 8B), 126-136.
doi:http://dx.doi.org/10.1016/j.jfoodeng.2008.02100

Luangmalawat, P., Prachayawarakorn, S., NathakiauéaaA., & Soponronnarit, S. (2008). Effect
of temperature on drying characteristics and qualittooked riceLWT - Food Science and
Technology, 4#), 716-723. doi:http://dx.doi.org/10.1016/j.Iw@@7.04.010

Luh, B. S. (1991a). Canning, Freezing, and Freez@D. In B. Luh (Ed.),Rice (pp. 566-594):
Springer US.

Luh, B. S. (1991b). Quick-Cooking Rice. In B. Lukbd(), Rice(pp. 540-565): Springer US.

Ma, Y., & Sun, D. W. (2009). Hardness of cookeceras affected by varieties, cooling methods
and chill storagelournal of Food Process Engineering,(3p, 161-176.

Mestres, C., Ribeyre, F., Pons, B., Fallet, V., &tbhcio, F. (2011). Sensory texture of cooked rice
is rather linked to chemical than to physical cheastics of raw grainJournal of Cereal
Science, 5@), 81-89. doi:http://dx.doi.org/10.1016/}.jcs.Z2010.001

29



899
900

901
902
903

904
905
906

907
908
909

910
911
912

913
914
915

916
917

918
919
920

921

922
923
924

925
926
927

928
929
930

931
932
933

References

Metcalf, S. L., & Lund, D. B. (1985). Factors Afterg Water Uptake in Milled Ricelournal of
Food Science, §6), 1676-1679. doi:10.1111/j.1365-2621.1985.tb %6

Meullenet, J.-F. C., Gross, J., Marks, B. P., & el M. (1998). Sensory descriptive texture
analyses of cooked rice and its correlation torumsental parameters using an extrusion
cell. Cereal Chemistry, 15), 714-720.

Mohapatra, D., & Bal, S. (2006). Cooking qualitydanstrumental textural attributes of cooked rice
for different milling fractions. Journal of Food Engineering, 3, 253-259.
doi:http://dx.doi.org/10.1016/j.jffoodeng.2005.01802

Monsoor, M. A., & Proctor, A. (2002). Effect of veatwashing on the reduction of surface total
lipids and FFA on milled riceJournal of the American Oil Chemists' Society(979867-
870. doi:10.1007/s11746-002-0571-x

Muramatsu, Y., Tagawa, A., Sakaguchi, E., & Ka%ai(2006). Water Absorption Characteristics
and Volume Changes of Milled and Brown Rice DuriBgaking. Cereal Chemistry
Journal, 836), 624-631. doi:10.1094/CC-83-0624

Noel, T. R, Ring, S. G., & Whittam, M. A. (199@}lass transitions in low-moisture foodsends
in Food Science & Technology, , 162-67. doi:http://dx.doi.org/10.1016/0924-
2244(90)90048-4

Norton, T., & Sun, D.-W. (2008). Recent advancedhe use of high pressure as an effective
processing technique in the food induskgod and Bioprocess Technologyl )l 2-34.

Ohtsubo, K., Okunishi, T., & Suzuki, K. (2004). Pessed novel foodstuffs from pregerminated
brown rice by a twin-screw extruder. In ToriyamaHMgong K.L., & H. B. (Eds.)Rice is
Life

Scientific Perspectives for the 21st Centdianila, Philippines: IRRI.

Oikonomopoulou, V. P., Krokida, M. K., & Karathanog. T. (2011). Structural properties of
freeze-dried rice. Journal of Food Engineering, 108~4), 326-333.
doi:http://dx.doi.org/10.1016/}.jffoodeng.2011.0700

Ong, M. H., & Blanshard, J. M. V. (1995). Texturetekminants of cooked, parboiled rice. II:
Physicochemical properties and leaching behaviduriog. Journal of Cereal Science,
21(3), 261-269. doi:http://dx.doi.org/10.1006/jcrs9530029

Patindol, J., Gu, X., & Wang, Y.-J. (2010). Chemdtnmgeanalysis of cooked rice texture in relation
to starch fine structure and leaching charactessttarch - Starke, 3-4), 188-197.
doi:10.1002/star.200900181

Patindol, J. A., Gonzalez, B. C., Wang, Y.-J., &@heng, A. M. (2007). Starch fine structure and
physicochemical properties of specialty rice fonrag. Journal of Cereal Science, @5,
209-218. doi:http://dx.doi.org/10.1016/j.jcs.200H @4

30



934
935

936
937

938
939
940

941
942
943

944
945

946
947
948

949
950
951

952
953

954
955

956
957
958

959
960

961
962
963

964
965
966

References

Perdon, A., Siebenmorgen, T., Buescher, R., & GBui((1999). Starch retrogradation and texture
of cooked milled rice during storagkournal of Food Science, @), 828-832.

Perez, C. M., & Juliano, B. O. (1979). Indicatorls eating quality for non-waxy rices-ood
Chemistry, 43), 185-195. doi:http://dx.doi.org/10.1016/030848(79)90003-7

Piggott, J. R., Morrison, W. R., & Clyne, J. (199Changes in lipids and in sensory attributes on
storage of rice milled to different degredsternational Journal of Food Science &
Technology, 2(®), 615-628. doi:10.1111/}.1365-2621.1991.tb02007.

Prakash, M., Ravi, R., Sathish, H. S., Shyamal&.,J.Shwetha, M. A., & Rangarao, G. C. P.
(2005). Sensory and instrumental texture measureaighermally processed ricdournal
of Sensory Studies, &), 410-420. doi:10.1111/j.1745-459X.2005.00036.x

Prasert, W., & Suwannaporn, P. (2009). Optimizatadninstant jasmine rice process and its
physicochemical propertie3ournal of Food Engineering, 95), 54-61.

Rewthong, O., Soponronnarit, S., TaechapairojTGngtrakul, P., & Prachayawarakorn, S. (2011).
Effects of cooking, drying and pretreatment methodgsexture and starch digestibility of
instant riceJournal of Food Engineering, 108, 258-264.

Roberts, R. L., Carlson, R. A., & Farkas, D. F.1@P Application of a continuous centrifugal
fuidized bed driert to the preparation of quickkiog rice productsJournal of Food
Science, 4d.), 248-250. doi:10.1111/j.1365-2621.1979.tb10053.

Roberts, R. L., Houston, D., & Kester, E. (1953pdess for canning white ricEood Technology,
7(2), 78-80.

Rutledge, J., Islam, M., & James, W. (1974). Imaebeanning stability of parboiled rice through
cross-linking.Cereal Chemistry

Rutledge, J. E., & Islam, M. N. (1973). Canning anid stability of epichlorohydrin-treated
parboiled rice. Journal of Agricultural and Food Chemistry, (&), 458-460.
doi:10.1021/jf60187a028

Rutledge, J. E., & Islam, M. N. (1976). ImproveceKHife at room temperature of canned rice
modified by cross-linkingCereal Chem, 55), 862-886.

Sabularse, V., Liuzzo, J., Rao, R., & Grodner, R99(1). Cooking quality of brown rice as
influenced by gamma irradiation, variety and stetagurnal of Food Science, 86, 96-
98.

Schmidt Rivera, X. C., Espinoza Orias, N., & Azapad\. (2014). Life cycle environmental
impacts of convenience food: Comparison of readg home-made mealslournal of
Cleaner Production, 718), 294-309. doi:http://dx.doi.org/10.1016/}.jcte2014.01.008

31



967
968

969
970
971

972
973

974
975
976

977
978
979

980
981
982

983
984
985

986
987
988
989

990
991

992
993
994
995
996

997
998

999
1000

References

Seki, C., & Kainuma, Y. (1982). A study of rice éwog (Part 2): Soaking time as a factor
controlling rice cookingJ. Home Econ. Jpn, 3228-234.

Semwal, A. D., Sharma, G. K., & Arya, S. S. (1996€)avour degradation in dehydrated
convenience foods: changes in carbonyls in quickicm rice and Bengalgram dh&ood
Chemistry, 5@2), 233-239. doi:http://dx.doi.org/10.1016/030848(95)00208-1

Singh, R. P., & Heldman, D. R. (2001). DehydratibnS. R.P. & H. D.R. (Eds.)ntroduction to
Food Engineerind3rd ed., pp. 557-589). London, UK: Academic Press

Slade, L., & Levine, H. (1987). Recent advancestanch retrogradation. In C. Vittorio & I. C. M.
Dea (Eds.), Industrial polysaccharides: The impact of bioteclmgy and advanced
methodologiegpp. 387-430). New York, USA: Gordon and BreackeBce Publishers.

Smith, D. A., Rao, R. M., Liuzzo, J. A., & Champagikt. (1985). Chemical Treatment and Process
Modification for Producing Improved Quick-Cookingd®. Journal of Food Science, 60,
926-931. d0i:10.1111/j.1365-2621.1985.th12981 .x

Son, J.-S., Do, V. B, Kim, K.-O., Cho, M. S., Suw&hon, T., & Valentin, D. (2013). Consumers’
attitude towards rice cooking processes in Korapad, Thailand and Frandeood Quality
and Preference, 29), 65-75. doi:http://dx.doi.org/10.1016/j.food4;2@13.02.002

Sowbhagya, C. M., Ramesh, B. S., & Bhattachary&.K{1987). The relationship between cooked-
rice texture and the physicochemical charactessifaice.Journal of Cereal Science(d,
287-297. doi:http://dx.doi.org/10.1016/S0733-5210)80029-2

Sripinyowanich, J., & Noomhorm, A. (2013). Effectsfreezing pretreatment, microwave-assisted
vibro-fluidized bed drying and drying temperatune iastant rice production and quality.
Journal of Food Processing and Preservation,(437 314-324. doi:10.1111/j.1745-
4549.2011.00651.x

Srisawas, W., & Jindal, V. K. (2007). Sensory ea#in of cooked rice in relation to water-to-rice
ratio and physicochemical propertidsurnal of Texture Studies, @3, 21-41.

Steptoe, A., Pollard, T. M., & Wardle, J. (1995)eM@lopment of a measure of the motives
underlying the selection of food: the food choiaeestionnaire Appetite, 283), 267-284.
Retrieved from http://ac.els-cdn.com/S0195666386108(1-s2.0-S019566638570061X-
main.pdf?_tid=cec2b2de-2f09-11e4-9da3-
00000aab0f27&acdnat=1409268169 6fef7cee2553d618d38bdeccd5a5

Suzuki, U., Kubota, K., Omichi, M., & Hosaka, H.9(@6). Kinetics studies on cooking of rice.
Journal of Food Science, @), 1180-1183. doi:10.1111/j.1365-2621.1976.tb 441

Takano, K., Kamoi, I., & Obara, T. (1989). Studasthe mechanism of lipid-hydrolysing in rice
bran.Journal of the Japanese Society for Food Sciendelaechnology, 36619-524.

32



1001
1002
1003

1004
1005

1006

1007
1008
1009

1010
1011
1012

1013
1014

1015
1016
1017

1018
1019
1020

1021
1022

1023
1024
1025

1026
1027
1028

1029
1030
1031

1032
1033

Tian, Y., Zhao, J., Xie, Z., Wang, J., Xu, X., &,J¥Z. (2014). Effect of different pressure-soaking
treatments on color, texture, morphology and reardgtion properties of cooked ride/NT-
Food Science and Technology(55 368-373.

Tressler, D. (1968)The freezing preservation of foo@gol. 4). Westport, CT: Avi Publishing
Company.

Tsugita, T. (1985). Aroma of cooked ri¢eood Reviews International(3), 497-520.

Tsugita, T., Ohta, T., & Kato, H. (1983). Cookindga¥or and Texture of Rice Stored under
Different Conditions. Agricultural and Biological Chemistry, 43), 543-549.
doi:10.1080/00021369.1983.10865684

Wada, T., Umemoto, T., Aoki, N., Tsubone, M., Ogaftg & Kondo, M. (2010). Starch Eluted
from Polished Rice during Soaking in Hot Water eddRed to the Eating Quality of Cooked
Rice.Journal of Applied Glycoscience, (3§, 13-18. doi:10.5458/jag.jag.JAG-2010_009

Webb, B. D. (1979)Assessing parboil-canning stability of rice in \&dl improvement programs
Los Banos, Laguna, Philippines: International RR@search Institute.

Yamakura, M., Haraguchi, K., Okadome, H., Suzukj, Kan, U. T., Horigane, A. K., . . . Ohtsubo,
K. i. (2005a). Effects of Soaking and High-Presstreatment on the Qualities of Cooked
Rice.Journal of Applied Glycoscience, (22, 85-93. doi:10.5458/jag.52.85

Yamakura, M., Okadome, H., Suzuki, K., Tran, U.,noa, S., Sasagawa, A., . . . Ohtsubo, K.
(2005b). Effects of high-pressure treatment andiagaon the cooked ricelournal of the
Japanese Society for Food Science and Technolaggaii)

Yu, S., Ma, Y., Liu, T., Menager, L., & Sun, D.-\2010a). Impact of cooling rates on the staling
behavior of cooked rice during storageurnal of Food Engineering, €8), 416-420.

Yu, S., Ma, Y., & Sun, D. (2010b). Effects of fraeg rates on starch retrogradation and textural
properties of cooked rice during storag@&/T - Food Science and Technology(731138-
1143. doi:http://dx.doi.org/10.1016/j.lwt.2010.0340

Yu, S., Ma, Y., Zheng, X., Liu, X., & Sun, D. (2012mpacts of Low and Ultra-Low Temperature
Freezing on Retrogradation Properties of Rice Ampgtiin During StorageFood and
Bioprocess Technology(BH, 391-400. doi:10.1007/s11947-011-0526-6

Zhang, Z., & Sun, D. (2006). Effects of cooling heds on the cooling efficiency and quality of
cooked rice.  Journal of Food Engineering, @), 269-274.
doi:http://dx.doi.org/10.1016/j.jfoodeng.2005.08202

33



1034

1035

1036

1037

1038

1039

1040

1041

1042
1043

1044
1045

1046
1047

1048
1049

1050
1051
1052

Tables

Table 1. Processing methods in rice technologytheid main effect on cooked rice quality.

Figure captions

Fig. 1. Pre-cooking, cooking and post-cooking technologigk different classifications to produce
freshly cooked and convenience rice.

Fig. 2. Effects of processing conditions on cooked rieedur deterioration, measured by sensory
analysis and/or instruments.

Fig. 3. Effects of processing conditions on cooked ric@gnlmeasured by sensory analysis and/or
instruments.

Fig. 4. Effects of processing conditions on cooked ricedhass measured by sensory analysis
and/or instruments.

Fig. 5. Effects of processing conditions on cooked ricekgtiess. Stickiness includes adhesiveness
and cohesiveness, measured by sensory analyse amgtfuments.
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Table 2. Processing methods in rice technologytheid main effect on cooked rice quality.

Table 2. Processing methods in rice technology and theinraffect on cooked rice quality.

Processing Variation Rice product Effect on cooked rice quality Reference
technology
Washing Washing step Homemade rice Washing steps remove surface lifgdding to decreased off-flavour development(Champagnet al, 2010; Fukai &
repetitions 2 -5 after cooking and warm-holding. Tukada, 2006; Monsoor & Proctor,
times 2002)
Soaking Ambient pressure Homemade rice, Improved complete gelatinisation due to uniforntritisition of moisture in grain,  (Chakkaravarthet al, 2008;
high pressured rice, produces/enlarges cracks. Champagne, 2008; Chiang & Yeh,
quick cooking rice, | eaching of solids, especially starch which infloesitexture. 2002; Daset al, 2006; Genkawat al,
frozen rice 2011; Han & Lim, 2009; Horiganet
Compared to unsoaked samples: al., 2006)
=) Increased hardness and decreased stickiness.
% Negative influence on flavour and sweet taste.
g Decreased cooking time and energy consumption.
£ Vacuum Hydration rate higher than soaking at anttpesssure. (Bello Marceloet al, 2008; Tiaret al,
No difference in instrumental hardness, springireeshesiveness after cooking 2014)
compared to soaking at ambient pressure.
High pressure Hydration rate higher than soakirenatient pressure. (Bello Marceloet al, 2008; Tiaret al,
Partial gelatinisation at certain pressure, tiramgerature combinations possible. 2014; Yamakurat al, 2005a)
Decreased instrumental hardness, increased insttahspringiness and
cohesiveness.
Increased glucose amount at 55 °C and improvecewbsts after cooking.
Thermal Excess water Convenience rice, Higher W/R increased sensory stickiness and destesensory hardness. (Billiris et al, 2012a; Chakkaravartet
cooking homemade rice Decreased stickiness and hardness for Basmatbarcgkain rice. al., 2008; Crowhurst & Creed, 2001;
| d sticki for J L Daset al, 2006; Mestrest al, 2011;
ncreased stickiness for Jasmine rice. Meullenetet al, 1998: Wadzt al.
Higher energy consumption compared to absorpticthocke 2010)
Absorption Homemade rice Optimal W/R recommendations deperghgiiose content. (Bett-Garberet al, 2007; Crowhurst &
o method No uniform moisture distribution in bulk, thus diffilt to apply in industry. Creed, 2001; Dast al, 2006; Perez &
£ o . . Juliano, 1979; Srisawas & Jindal, 2007)
X Leached amylose and amylopectin interact with edlslr and form a coating on
8 the surface of grains increasing stickiness.
Increased stickiness and hardness, more accefiiaar for Jasmine rice
compared to cooking in excess water.
Non thermal High Pressure High pressured rice  Different geisgition mechanism compared to heat treatment. (Boluda-Aguilaret al, 2013; Buckowet
cooking Decreased leaching of amylose and amylopectin credpa non HP treated. al., 2007; Denget al, 2013; Yamakura

Starch granule integrity improved.
Decreased hardness and increased cohesivenessiafi@waving HP treated rice

et al, 2005a)
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Alteration in volatile compounds, increased glcosncentration.

Post-cooking

Cooling

Freezing

Retorting

Canning

Drying

Storage

Air-blast cooling,
cold room cooling,
plate cooling,
vacuum cooling,
rinsing with cold
water

Air-blast freezer,
cryogenic
technology
Sterilisation by
retorting (112 —

125°C)

Sterilisation by
canning

Hot air drying,
tray drier,
convective air
drying, freeze
drying, microwave
drying or
combinations

Room temperature

Below glass
transition
temperature

Retorted rice, quick
cooking rice, frozen
rice

Frozen rice

Retorted rice

Canned rice

Quick cooking rice,
instant rice

Frozen rice

Convenience rice

compared to non HP treated rice.
Alteration in volatile compounds, increased glucosecentration.

Improved sensory acceptance compared to freshisoméaved rice.
No change in moisture content with air-blast caglino influence on hardness. (Hsu & Heldman, 2005; Ma & Sun,

Increased instrumental hardness and cohesiveniegsasdd room cooling, 2009; M(?ulleneet al, 1998; Smithet
especially at slow cooling rates. al., 1985; Yuet al, 2010a; Zhang &

. I I . . Sun, 2006
Decreased instrumental stickiness after rinsing witld water due to washing away )
the starchy coating on the surface of grains.

Rapid freezing retard starch retrogradalue to decreased damage of cellular ~ (Tressler, 1968; Yet al, 2010b)
structure, improved maintenance of textural propert

Deterioration of colour, flavour aedture due to excess heating. (Kobayashiet al, 1991; Ohtsubet al,
Increased sensory hardness and stickiness ofeétdce with added oil compared 2004; Prakaskt al, 2005)
to freshly cooked rice.

Rice grains distorted and mushy desdess water. (Alary et al, 1977; Bergmaet al,

Disintegration prevented by adding chemicals tes#ink starch. 2004; Luh, 1991a; Ohtsuls al, 2004;
Rutledgeet al, 1974; Rutledge &

Islam, 1976)

Production of porous structure for faster rehydmatbut crumbly texture. (Carlsonet al, 1976; Cheret al, 2014;

Drying temperature > 10 increases yellowness, but does not affect shymka ~ LUangmalawagt al, 2008; Prasert &
Suwannaporn, 2009; Rewthortal,

rehydration capability. h
. . . ) . 2011; Semwaét al, 1996; Smittet al,
Increasing drying temperature increases hardnekstawiness of rehydrated qU|ck1985)

cooking rice.
Freeze drying increases porosity leading to fltditure.

Combination of hot air drying and freeze drying hoyes colour, grain separation
and flavour.

Retratioadof starch increases hardness and decre&dénests.
Rancidity due to degradation of added oil possible.
High pressured rice retard starch retrogradation.

Prevention of microbial growth. (Hsu & Heldman, 2005; Yu, Ma,
Zheng, Liu, & Sun, 2012)

(Hu et al, 2011; Lima & Singh, 1993;
Perdonet al, 1999)
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Highlights

Processing related reduction of convenience rice quality is mechanistically explained.
Flavour deteriorates as volatile profiles are altered by thermal processes and storage.
Cooked rice texture is dependant on the rate and extent of water and starch diffusion.

Different mechanismsin high pressure processes may improve convenience rice quality.



