
Vol.:(0123456789)1 3

European Food Research and Technology (2021) 247:2677–2685 
https://doi.org/10.1007/s00217-021-03790-2

ORIGINAL PAPER

Ready to eat shelf‑stable brown rice in pouches: effect of moisture 
content on product’s quality and stability

Enrico Federici1,2 · Valentina Gentilucci1 · Valentina Bernini1  · Elena Vittadini3  · Nicoletta Pellegrini4 

Received: 23 February 2021 / Revised: 25 May 2021 / Accepted: 29 May 2021 / Published online: 15 September 2021 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract
Despite several nutritional benefits of brown rice (BR) its consumption remains limited compared to white rice. Two of the 
major barriers to its consumption are long cooking time and limited shelf life. However, those two hurdles can be overcome 
through the development of shelf-stable BR pouches to create new ready-to-eat (RTE) products, a food category that is 
gaining important market shares. Nevertheless, scarce information is available on the production and shelf-life stability of 
ready-to-eat BR products. The first objective of this study was the determination of the optimal moisture range to fully cook 
BR. The second objective was to determine the effect of moisture content and storage time on two fundamental parameters 
for consumer’s acceptance of rice: color and texture. Three RTE BR pouches with moisture contents of 54%, 57% and 60% 
were produced and texture and color were evaluated after 1 year of storage. Significant changes in hardness and stickiness 
were reported during long-term storage. Moisture content negatively affected hardness and positively affected stickiness. 
Furthermore, storage time and moisture showed a significant effect on rice color. The present results provide information 
that will be useful to design new RTE meals to promote brown rice consumption.
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Introduction

Ready-to-eat (RTE) meals are becoming popular among 
consumers due to their convenience and the change of eat-
ing habits. The busy lifestyles of young professionals and 
entrepreneurs have accounted for an increase in the demand 
for labor-saving RTE meals [1]. Availability of RTE meals 
has further gained importance in light of the COVID-19 pan-
demic, as they provide not only an easy solution to the need 
to minimize handling and contact-free delivery of food but 

also are a lunch option alternative for individuals who would 
have normally fed at restaurants that have been largely shut 
down [2–4].

Rice is a popular ingredient in RTE food in Europe, 
America and Asia [5], and it is commonly consumed and 
used in RTE as polished (white) rice. White rice is preferred 
from consumers to brown rice (BR) since the latter has a 
longer cooking time, chewy texture, and poor appearance 
[6–8]. Moreover, products incorporating BR also negatively 
impact the flavor of a product [9]. However, BR has positive 
nutritional features as it is rich in dietary fiber, polyphenols, 
and lipids which are available in good amounts in the bran 
layer of caryopsis [10]. Compared to BR, white rice has a 
poorer nutritional value as, during milling, removal of bran 
and germ diminishes fiber, vitamins and minerals as well 
as protein content [11]. Thus, the utilization of BR in RTE 
foods could be a good strategy to increase not only its nutri-
tional value but also take out the burden of long cooking 
time [12].

A popular technology to produce RTE cereal products is 
sterilization in pouches. However, when this intense ther-
mal treatment is performed on white rice grain, its integrity 
is lost resulting in a sticky product with a soft texture. A 
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potential solution to produce rice-based RTE aseptic prod-
ucts is the utilization of BR. The long cooking time of BR 
is a positive feature for aseptic processing since it allows 
to sterilize the product with limited effects on grain struc-
tural integrity. Aseptic processing also removes the need 
for long cooking by the consumer, which is a barrier for BR 
consumption. Furthermore, the use of BR, instead of white 
rice, as the main ingredient in these highly processed foods, 
which are potentially associated with poor dietary quality 
and obesity [13], could greatly improve their nutritional 
value. Fiber, minerals and proteins present in BR are not 
lost during the cooking-sterilization process in an enclosed 
pouch, and bioactive compounds present in rice bran are 
more available after being thermally treated [14]. Finally, 
BR rice contains a higher amount of bioactive lipids and 
flavonoids than white rice [15] which may further support 
the human immune system also against COVID-19 [16]. All 
these characteristics make BR an optimal candidate for the 
design of RTE BR-based functional foods. Such RTE prod-
ucts could be a mean to contribute significantly to increase 
the consumption of BR and to help consumers in familiar-
izing with the consumption of whole-meal foods [6].

To the authors’ best knowledge, no information is avail-
able in the literature on the optimization of RTE BR cooking 
process in pouches, and on the characterization of its shelf-
life stability. In this study, cooking conditions of BR have 
been optimized at first, and then, the effect of hydration level 
and storage time on main quality attributes (e.g. texture and 
color) of RTE BR have been evaluated.

Materials and methods

Brown rice optimal cooking time determination

BR of Roma variety has been gently provided by a local 
producer (Grandi Riso S.p.A., Codigoro, Ferrara, Italy). 
Rice was cooked in boiling water (1:20, rice:water) in a pot 
for variable lengths of time (10, 15, 20, 25, 30, 35, 40 and 
45 min). BR and cooking water were separated by draining 
rice with a colander and cooled down to room temperature 
for 30 min before further analysis. The minimum cooking 
time to consider BR cooked was calculated through the 
determination of the point of inflection of the rice moisture 
absorption curve [17]. All the experiments were carried out 
at the Department of Food and Drug, University of Parma 
(Italy).

Brown rice moisture content

The moisture content of BR at variable cooking times 
was evaluated by drying in an air forced oven at 105 °C to 

constant weight according to AACCI method 44-15.02. The 
analysis was performed in triplicate for each cooking time.

Brown rice texture

Texture profile analysis (TPA) was performed on rice 
samples using a Texture Analyzer (Stable Micro Systems, 
Godalming, UK) equipped with a 25 kg load cell and an 
aluminum cylinder probe with a diameter of 40 mm, fol-
lowing Boluda-Aguilar et al. [2] with some modification. A 
test speed of 0.1 mm/sec and a total strain of 75% were used. 
Three g of rice was spread in single layer grain on the instru-
ment base. Three replicates were performed on each sample. 
Textural attributes considered were: hardness (N, maximum 
force of the first compression) and stickiness (N.cm−1, nega-
tive area after the first compression) [18].

Brown rice grain morphology

Forty BR kernels were arranged in a thin layer on a trans-
parent plastic sheet. A dimensional reference was added to 
determine pixel:mm ratio of every image. BR pictures were 
acquired using a scanner (HP Scanjet 8200) with a resolution 
of 600 pixel and analyzed with the software ImageJ [19]. 
Acquired images were then converted in black and white 
and threshold adjusted before measuring the averaged area, 
solidity, and circularity of rice kernels.

Brown rice cooking loss

Cooking loss, defined as the amount of solids lost into the 
cooking water, was determined according to the AACC offi-
cial method 16–50.

RTE brown rice poches production and microbial 
safety assessment

RTE BR pouches were produced by a local producer. BR 
was washed, inserted into a pouch (250 g, composite pack-
aging, 406,735, Goglio Packaging System, Milan, Italy) 
together with enough tap water to reach theoretical total 
moisture contents of 54, 57, and 60 g water/100 g product. 
Pouches were then hermetically sealed, placed vertically into 
baskets that were then inserted into a horizontal autoclave, 
which was first filled with water at 85 °C, heated to 118 °C 
and held for 35 min. The cooking-sterilization process was 
static, not allowing for pouches rotation. At the end of the 
thermal treatment, pouches were cooled down, unloaded, 
and stored at room temperature to reproduce domestic pres-
ervation conditions. One pouch was open for every point of 
shelf life at the following times: 0, 40, 80, 120, 160, 270, and 
365 days. For every storage time, microbiological analysis 
was performed to assess the sterility of the product. Aliquot 
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of samples were homogenized 1:10 (Seward Stomacher, 400 
circulator, UK) with sterile Ringer solution (Oxoid, Bas-
ingstoke, UK), tenfold diluted and plated in duplicate on 
different culture media. Total mesophilic and spore-forming 
mesophilic bacteria were determined on Plate Count Agar 
(PCA) (Oxoid, Basingstoke, UK) after incubation at 30 °C 
for 48 h. Yeast and molds were grown on Yeast Extract Dex-
trose Chloramphenicol Agar (YEDC) (REMEL Lenexa, 
USA) after incubation at 25 °C for 72–120 h. Brilliance™ 
Bacillus cereus Agar Base supplemented with Brilliance™ 
Bacillus cereus selective supplement (Oxoid, Basingstoke, 
UK) and incubated at 37 °C for 48 h was used to enumerate 
Bacillus cereus. Regarding spore-forming bacteria, first dilu-
tion of the samples was treated at 85 °C for 15 min before 
plate counts. Analyses were carried out in duplicate and for 
each sampling time average values ± standard deviations 
were reported as UFC/g.

Water spatial distribution in pouches

Brown rice moisture content homogeneity throughout the 
pouch was assessed by means of its moisture content, by 
extracting rice samples from 24 different locations in the 
pouch. Sampling locations were equally distanced to assure 
homogeneous distribution of sampling points through the 
pouch. Moisture content was then determined as described 
in 2.1.1. Moisture spatial distribution was measured in three 
pouches per each BR moisture content.

Brown rice color in pouches

Color was measured on the surface of cooked BR using a 
Minolta Colorimeter (CM 2600d, Minolta Co., Osaka Japan) 
in the 400–700 nm range using illuminant D65 and for a 2° 
position of the standard observer. L* (lightness), a ∗ (red-
ness), b ∗ (yellowness) were measured for at least ten meas-
urements at each cooking time and each shelf-life time. ΔE 
was calculated according to Eq. 1, taking the color of rice 
cooked at time 0 as reference.

Brown rice texture in pouches

Each BR pouch was massaged to un-grain and mix their 
content prior to be opened to extract BR samples (80 g). 
Samples were transferred into a closed container and heated 
in a microwave for 1 min at 900 W, to replicate a standard 
heating procedure the product would undergo prior to con-
sumption. Heated rice was allowed to cool down to room 
temperature prior to texture profile analysis (TPA) that was 
performed as described in “Brown rice texture”.

(1)ΔE =

√

(L1 − L2)
2 + (a1 − a2)

2 + (b1 − b2)
2

Statistical analysis

Data are presented as average ± standard deviation. At least 
three replicates were performed for each analysis. Signifi-
cant differences (p ≤ 0.05) among samples were calculated 
by multivariate analysis of variance (MANOVA) with a 
Tukey-high significant difference test. SAS 9.4 (SAS insti-
tute corporation, NC, USA) was used to perform the statisti-
cal analysis.

Results and discussion

Brown rice optimal cooking time determination

The cooking process of BR in excess water was studied with 
respect to water uptake and textural changes occurring in 
rice kernels for different lengths of time. This preliminary 
study was carried out to determine the amount of water 
needed to reach optimal cooking of BR, and therefore to 
design conditions to achieve optimal cooking of BR within 
sealed pouches. Optimal cooking time has been reported to 
correspond with the point at which most of the starch present 
in the kernel is gelatinized, condition that can be determined 
with the inflection point of a moisture absorption kinetic 
curve [17]

Appearance of BR after cooking for different times is 
shown in Fig. 1. BR kernels cooked up to 20 min were char-
acterized by a smooth surface and retained their original 
shape and structural integrity. At 25 min cooking, BR ker-
nels started to break due to moisture absorption and volume 
expansion indicative of an important amount of gelatinized 
starch. The number of broken kernels increased with cook-
ing time and their shape become progressively more irregu-
lar. After 45 min, an important amount of starch leached 
out from the kernels, as it was observable by the presence 
of a large quantity of material collecting on the plastic sheet 
used to arrange the sample for image acquisition. BR kernels 
area was measured as a function of cooking time (Table 1), 
and it was found to progressively increase from 20.9 ± 2.7 
to 25.3 ± 3.7  mm2 with cooking time increase from 10 to 
25 min. Rice kernels expansion is due, primarily, to water 
absorption, the consequent swelling, and gelatinization of 
starch granules during cooking. However, after 25 min of 
cooking, even though rice kept absorbing water, its area 
increased at a slower pace, suggesting that rice starch had 
reached its maximum swelling ability and was not able to 
further expand [20]. At longer cooking times, BR kernels 
underwent breakage and disruption decreased their solidity, 
circularity and slightly, but nor significantly, increased their 
overall area (Table 1).

Water uptake in BR during cooking was monitored and it 
was found, as expected, to increase with increasing cooking 
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time (Fig. 2). Moisture content of BR gradually increased 
from 38.0 ± 0.2 to 52.9 ± 0.8 g water/100 g product up to 
25 min cooking. At longer cooking times, water absorption 
still occurred but at a slower rate, reaching a maximum of 
64.9 ± 0.2 g water/100 g product at 45 min cooking. From 
the data reported in Fig. 2, it is possible to observe the 
occurrence of an inflection after 25 min of cooking, lead-
ing to the identification of 25 min as the minimum cooking 
time at which the rice could be considered cooked in excess 
boiling water [17]. Solid loss from BR kernels increased 
exponentially with increasing cooking time, as measured 
by the increase in turbidity of the cooking water (Fig. 2), 
resulting from solids (primarily amylose and short-chain 
amylopectin) lost in cooking water [21]. At the initial stages 

of cooking, turbidity grew slowly due to the limited starch 
gelatinization with few broken starch granules and the pres-
ence of intact husks that protected and retained the starchy 
endosperm within the kernel. Increasing cooking times lead 
to more extensive gelatinization and an increasing number 
of kernels showing damaged husks, resulting in an increased 
release of solids.

Textural attributes of BR significantly changed upon 
cooking due to water absorption and structural changes 
occurring in rice constituents, primarily associated with 
starch gelatinization. BR hardness was very high at the 
beginning of the cooking process, 255.1 ± 11.6 N after 
10 min of cooking, and gradually decreased, as expected, 
to 56.4 ± 6.8 N after 45 min of cooking. Hardness decrease 

Fig. 1  Appearance of brown 
rice kernels after cooking in a 
pot for different lengths of time

Table 1  Area, solidity and 
circularity of brown rice kernels 
cooked in a pot at different 
cooking times 

Letters indicate significant differences among samples on the same row
p<0.05

10 min 15 min 20 min 25 min 30 min 35 min 40 min 45 min

Area 20.9c 22.9b,c 24.6a,b,c 25.3a,b,c 25.2a,b 25.8a,b 26.0a 26.2a

Solidity 0.672a 0.677a 0.707a 0.648b 0.639b 0.62b,c 0.62b,c 0.603c

Circularity 0.936a 0.94a 0.944a 0.926a,b 0.909b 0.91b 0.905b 0.89b
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could be divided into two phases reflecting the trend 
observed for moisture uptake. A first phase, characterized 
by a rapid decrease in hardness, was observed until 25 min 
of cooking, and a slower decrease for further cooking from 
25 to 45 min.

Studies on the degree of starch gelatinization at vari-
able cooking times in pasta [22] indicated that only 80% 
of starch was gelatinized at the cooking time suggested by 
the pasta producer, while 90% starch gelatinization was 
reached only in an overcooked product. In this respect, a 
complete starch gelatinization is not required to consider 
a product cooked [23]. Therefore, we can expect starch to 
be mainly gelatinized in BR at the inflection point where 
water uptake is reduced, but it can be considered cooked 
over a larger range of moisture contents.

In this work, the extremes of BR cooking were set, for 
the lower limit, in correspondence of the inflection point 
of the moisture uptake curve (25 min, corresponding to 
a reduction of water uptake), and for the higher limit, at 
35 min. The value of 35 min was selected because it cor-
responded to a condition where kernel damage was still 
contained. This statement was supported by limited turbid-
ity of the cooking water (593 NTU) and BR kernel high 
stickiness (8.4 ± 2.1 N  cm−1) as compared to 1082 NTU 
and 4.2 ± 0.8 N  cm−1, respectively, at 40 min cooking, 
indicating a shift of solids from BR kernel surface into the 
cooking water. The moisture content of rice at the lower 
(25 min) and higher (35 min) end of the cooking range 
were 52.9% ± 0.8 and 59.9% ± 1.0, respectively. Based on 

the results obtained, the moisture contents to cook rice in 
pouches were designed to be 54, 57 and 60%.

RTE brown rice in pouches: characterization 
and long‑term shelf‑life stability

Moisture content and spatial distribution in pouches

Rice was cooked in pouches with the theoretical amount of 
water to reach the minimal amount of moisture necessary 
to cook the rice. Total mesophilic bacteria, spore-forming 
bacteria, yeasts and molds and B. cereus were not present 
above the detection limit (10 UFC/g) throughout the shelf 
life considered, confirming the efficacy of the treatment. At 
the end of aseptic processing, which was carried out in a 
static manner, the real moisture content of rice was deter-
mined. The average moisture content of BR in the pouches 
was 53.9% ± 3.8, 57.1% ± 0.7 and 60.3% ± 0.5 and well 
approximated the theoretical target moisture contents (54%, 
57%, and 60% moisture content, respectively). The averaged 
moisture content of all samples remained constant for the 
duration of the storage time (1 year).

Water content in different locations of the pouches was 
measured to verify homogeneity of the cooking process 
inside pouches to ensure the product’s uniformity. Water 
distribution was not homogenous in the 54% moisture 
pouch, while it was evenly distributed throughout the sam-
ple in other pouches (57 and 60%), as shown in Fig. 3. BR 
in the 54% moisture pouch had a higher moisture content 

Fig. 2  Changes in physico-
chemical attributes of brown 
rice (moisture content, kernel 
area, hardness) and cooking 
water (turbidity) during cook-
ing. Gray area represents the 
range of acceptable cooking 
conditions
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at the top and a lower at the bottom of the pouch (Fig. 3). 
This can be explained by the dynamics of the cooking 
process in a confined environment (pouch); upon heating, 
water turns into vapor and moves towards the upper zone 
of the pouch, creating a dis-uniform distribution of water 
that is particularly relevant in the lower moisture product. 
An uneven water distribution causes a different degree 
of water penetration into rice kernel and, consequently, 
uneven cooking of the product. Water availability affects 
starch gelatinization temperature [24]. Therefore, differ-
ent moisture levels can also affect starch gelatinization. 
BR at 54% moisture had limited available water, leaving 
some rice kernels, located in the lower part of the pouch, 
underhydrated and not able to gelatinize under the pro-
cessing conditions. This resulted in uncooked rice kernels 
with a more vitreous aspect. Therefore, we can conclude 
that 54% moisture is not enough to homogeneously cook 
BR in pouches. On the contrary, in the pouches with 57% 
and 60%, the amount of moisture was enough to cook 
the rice evenly within the pouch ensuring homogeneous 
water distribution and rice grain textural attributes. These 
data showed that the cooking dynamic of BR in a pot 
and within a pouch is different and that particular care 
must be taken in defining the optimal moisture content 

of a product to ensure proper cooking of the entire pouch 
content and its sterilization.

Texture analysis

Hardness and stickiness of BR after re-heating in a micro-
wave oven are shown in Table 2. Hardness and stickiness 
were measured as they are the most important textural 
attributes that affect consumer acceptability in rice [25]. 
As expected, water content was found to be the most 
important factor affecting BR hardness, with rice ker-
nels becoming softer with increasing moisture content, 
as shown in Table 2. Average values of hardness resulted 
comparable to BR with a similar amount of moisture 
cooked in a pot, as shown in Fig. 2. The storage time had 
a significant effect on BR hardness up to 1-year shelf life. 
Indeed, BR hardness decreased with increasing storage 
time until 120 days in all samples, and then increased at 
longer storage times. This trend in hardness suggests the 
occurrence of different events at short and long storage 
times and is likely related to starch structural conformation 
and its interaction with water. It is well known that gelati-
nized starch is subjected to amylopectin retrogradation and 
staling during storage, resulting in increase of hardness 

Fig. 3  Moisture content of brown rice as a function of spatial distribution in pouches with different theoretical moisture contents

Table 2  Hardness, stickiness, and cohesiveness of brown rice cooked in pouches at different moisture content, as function of storage time 

Letters indicate significant differences among samples on the same row
p<0.05

Moisture % Parameter 0 day 40 days 80 days 120 days 160 days 270 days 365 days

54 Hardness (N) 150.14a,b 114.69b,c 116.70b,c 101.69c 157.66c,b 139.97a,b,c 167.71a

Stickiness (N  cm−1) 3.29a,b 3.61a,b 3.69a,b 1.76a 1.82a 4.10a,b 5.61b

57 Hardness(N) 124.24a,b 107.95a,b 90.93b 90.27b 122.30b 114.93a,b 126.93a,b

Stickiness (N  cm−1) 3.43a 3.64a 3.95a 2.07a 3.03a 2.98a 5.26a

60 Hardness 114.63a 86.02b,c 97.71a,b 81.96a,b 89.52bc 100.97a,b 102.83a,b

Stickiness (N  cm−1) 5.35a,b 5.23a,b 5.30a,b 3.52a 4.32a,b 5.01a,b 6.17b
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[26]. However, as previously observed [27] heating of BR 
in a microwave oven prior to analysis had a partial effect 
on reducing amylopectin retrogradation and conferred a 
fresh-like consistency to the product. It is possible that 
at longer storage times amylopectin undergoes modifica-
tion that are not reversible with the microwave treatment 
used to warm rice. Amylopectin modification could have 
limited interaction between starch and water leading to 
decreased chain flexibility affecting gel-like texture. Fur-
ther investigation at a molecular level will be necessary to 
better understand changes in the hardness of rice during 
shelf life.

Stickiness of BR was found to increase with increasing 
moisture level and storage time, as shown in Table 2. Both 
water (p < 0.0001) and time (p < 0.0001) had a significant 
effect on the stickiness of rice, however, the effect of water 
was predominant. Rice stickiness has been correlated 
with its content in amylose and protein [28]. When rice 
is cooked in a pot, the ratio between water to rice affects 
stickiness between granules, with an increase of stickiness 
with increasing water [29] suggesting that high leaching 
of starch consequent to high water content affected BR 
stickiness. In the native starch granules, small amylopectin 
molecules may entangle with large amylopectin molecules 
by non-covalent bonding or co-crystallize with other large 
amylopectin molecules, at the edges of blocklets, and are 
free to leach once the crystalline structure is destroyed 
by heating [30]. An increased degree of BR cooking can 
result in a higher disruption of the starch granules [31] 
which can lead to a larger leaching of starchy components 
and to a consequent increase in stickiness. Higher amount 
of moisture might have favored amylopectin and amyl-
ose leaching, resulting in a stickier product. H bonding 
between larger amylopectin and other amylopectin mol-
ecules is at the base of rice stickiness [30]. Thus, higher 

moisture levels might have favored greater interactions 
among amylopectin chains, generating a denser network 
of H bonds and therefore leading to higher stickiness. In 
this study, it was not possible to make a comparison of 
stickiness between BR in pouch and that in pot since a 
small quantity of oil was added to the pouches to reduce 
the adhesion among kernels during cooking.

Color

Color of BR (L, a*, b* and ΔE, Table 3) was found to be 
significantly affected by moisture content. Increasing mois-
ture resulted in an increased L (p < 0.0001), and decreasing 
a* (p = 0.0033), while b* did not change significantly. These 
results confirm the findings of Lamberts et al. [32] but are in 
contrast with a previous study on BR hydration that shows 
decreasing levels of L at higher levels of hydration [33].

No significant effects of time were found on L and a*. 
On the other hand, a significant effect was observed for the 
values of b* with an increase in storage time leading to a 
lower level of b*. Furthermore, ΔE values indicate that the 
difference in color during the shelf life are perceptible after 
40 days of storage by an untrained eye, showing values larger 
than 2 [34]. Pigment migration diffused from the bran into 
the endosperm can potentially explain the change in color 
during shelf life [32], or occurrence of oxidative process 
into the pouch altering the color of rice might be speculated. 
Further research will be necessary to determine what are the 
changes leading to decrease in yellowness in rice.

Table 3  Color of BR cooked in 
pouches at different moisture 
content, as function of storage 
time 

Letters indicate significant differences among samples on the same row
p<0.05

Moisture % Parameter 0 day 40 days 80 days 120 days 160 days 270 days 365 days

54 L 71.74a,b,c 68.73d,e,f 71.93a,b 70.25b,c,d,e 70.38b,c,d,,e 73.71a 70.96b,c,d

a* 2.43a,b 2.11b 2.16b,c 2.72a 1.95b,c 2.43a,b 2.14b,c

b* 20.08a 17.04c 18.02b,c 18.13b,c 17.59c 18.47a,b,c 17.85c

ΔE 0 4.29 2.08 2.46 2.87 2.54 2.38
57 L 73.56a,b 72.98b,c 72.50b,c,d 71.54b,c,d 71.85b,c,d 75.21a 72.79b,c,d

a* 2.11a,b 1.47d,e 1.76bcde 2.02a,b,c 1.67b,c,d,e 2.06a,b,c 1.90a,b,c,d

b* 19.32a 17.29a,b,c 18.57ab 17.68a,b,c 17.65a,b,c 17.23a,b,c 16.84b,c

ΔE 0 2.21 1.34 2.60 2.43 2.45 2.61
60 L 75.95a 73.41b,c,d 73.94a,b,c,d 72.99b,c,d 73.42b,c,d 74.73a,b 72.59b,c,d

a* 2.04a,b 1.53b 1.70a,b 2.00a,b 1.62b 2.19a 1.90a,b

b* 19.83a 17.18b 18.10a,b 17.00b 17.52b 18.20a,b 17.74a,b

ΔE 0 3.70 2.67 4.09 3.45 2.04 3.96
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Conclusion

Brown rice could be a valuable ingredient in RTE meals, but 
the right hydration level needs to be optimized. This infor-
mation was acquired using a step-by-step decision approach. 
Firstly, BR physiochemical properties at different hydration 
levels has been assessed at lab scale. From lab-scale experi-
ments, three different hydration levels were selected and 
applyed for BR cooking in pouches in a pilot plant facil-
ity. It was found that, when a low moisture content (54%) 
identified at lab scale, was applied in the pouch, rice was 
not homogeneously cooked demonstrating different cooking 
dynamic in different environments. Conversely, higher mois-
ture contents resulted in uniform cooking of rice kernels 
without affecting its microbial safety. Significant changes in 
texture and color were observed in brown rice during 1-year 
storage time, mainly related to moisture and storage time. 
Samples became less hard up to 120-day storage, conversely, 
prolonging shelf-life led to increases in hardness that might 
affect the product acceptability. However, further investiga-
tion will be required to better understand the cause of the 
physiochemical changes during shelf life of RTE pouches. 
A greater understanding of the textural changes in brown 
rice during shelf life will potentially allow to formulate new 
strategies to mitigate them and to successfully employ this 
disregarded, but nutritionally valuable ingredient, in produc-
ing RTE meals.
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