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Rice Science - Account Modified in ScholarOne Manuscripts Yahoo/Email M...

rs@ricescience.org = Sel 17 Nov 2015 jam 1247

Hepada: misyafutri@yahao.com, merynda@fp.unsriac.id

17-Nov-2015
Dear Academican Syafutri:

This e-mail is a notfiication that your account on Rice Science - ScholarOne Manuscripts site has been modified. Your USER 1D
for your account at https://mc03.manuscriptcentral com/rice is as follows:

USER ID: misyafutri@yahoo.com

PASSWORD: If you are unsure of your password you can click the link below which will take you directly to the option for setting
a new password.

https:/ime03. manuscriptcentral.com/rice?URL_MASK=bc65af90a87144178902352a123d67f

Thank you for your participation.

Sincerely,
Rice Science Editorial Office
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A
rs@ricescience.org = Sl 17 Nov 2005 jam 13.52
Hepada: misyafutri@yzhoo.com, merynda@®fp.unsriacid
17-Nov-2015
Dear Academican Syafutri:
Your manuscript entitled “The Physical and Chemical Characteristics of Cooked Rice fom Some Different Lowland Rice
Varieties and Cooking Methods" has been successfully submitted online and is presently being given full consideration for
publication in the Rice Science.
Your manuscript D is RiceSci-2015-0138. )
Please mention the above manuscript 1D in all future correspondence or when calling the office for questions. If there are any
changes in your street address or e-mail address, please log in to ScholarOne Manuscripts at
https://me03. manuscriptcentral.com/rice and edit your user information as appropriate.
You can also view the status of your manuscript at any time by checking your Author Centre after logging in to
https://mc03.manuscriptcentral.com/rice.
Thank you for submitting your manuscript to the Rice Science.
Sincerely,
Rice Science Editorial Office
“ @ >
v
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Rice Science

n Letter (RiceSci-2015-0138)

From: editor@ricescience.org
To: misyafutri@yahoo.com, merynda@fp.unsri.ac.id
cc:
Subject: Rice Science - Decision on Manuscript ID RiceSci-2015-0138
Body: 29-Feb-2016

Dear Academican Syafutri:

Manuscript 1D Rice3ci-2015-0133 entitled "The Physical and Chemical Characteristics of Cooked Rice fram Some Different Lowland Rice Varieties and Cooking Methods" which you
submitted to the Rice Science, has been reviewed. The comments of the reviewer(s) are included at the bottom of this letter.

The reviewer(s) suggest some revisions to your manuscript. Therefore, T invite you to respond to the reviewer(s)' comments and revize your manuscript. After the submission, your
revised manuscript will be reviewed again.

To revise your manuscript, log into https://mc03.manuscriptcentral.com/rice and enter your Author Centre, where you will find your manuscript title listed under "Manuscripts with
Decisions.” Under "Actions,” click on "Create a Revision." Your manuscript number has been appended to denote a revision.

You may alse click the below link to start the revision process (or continue the process if you have already started your revision) for your manuscript. If you use the below link you will
not be required to login to ScholarOne Manuscripts.

https://mc03.manuscriptcentral.com/rice?URL_MASK=85a7db089¢ca545d6a451aa50fc37d630

You will be unable to make your revisions on the eriginally submitted version of the manuscript. Instead, revise your manuscript using a word processing program and save it on your
computer. Please also highlight the changes to your manuscript within the document by using the track changes mode in M5 Word or by using bold or colored text.

Once the revised manuscript is prepared, you can upload it and submit it through your Author Centre.

When submitting your revised manuscript, you will be able te respond to the comments made by the reviewer(s) in the space provided. You can use this space to document any
changes you make to the original manuscript. In order to expedite the processing of the revised manuscript, please be as specific as possible in your response to the reviewer(s).

IMPORTANT: Your original files are available to you when you upload your revised manuscript. Please delete any redundant files before completing the submission.

Because we are trying to facilitate timely publication of manuscripts submitted to the Rice Science, your revised manuscript should be uploaded as soon as possible. If it is not possible
for you to submit your revision in a reasonable amount of time, we may have te consider your paper as a new submission.

Once again, thank you for submitting yeur manuseript to the Rice Science and I look forward to receiving your revisien.
Sincerzly,
Mr. Hongmin Fang

Editor, Rice Science
editor@ricescience.org

Reviewer(s)' Comments to Author:

Reviewer: 1

Comments to the Author

Your werk was very interesting and valuable for rice processing and agricultural cultivation. However, it needs mors pracise discussion on how and why differant rice varicties and
cooking method affected cooked rice properties. Moreover, this wark will be stronger research if you present the key knowledge contribution of the findings. Please refer to the pdf
attached for revision details.

Reviewer: 2

Comments to the Author

The manuscript falls into the scape of this journal. Nevertheless, only effects of rice varieties and different cooking methods an properties of cooked rice were reported in the present
work. There are toe many articles focusing en the properties of rice as affected by rice varicties and processing ways. It is, therefore, suggested to describe mere the novelty in the
introduction section, comparing te the previous werks. Furthermere, the language for this work needs improvement and prevides clear meaning for readerships.

Other miner issues are listed as follows.

1.Line 5, “chemical’—'chemical properties’. Flease revise the similar problems in the manuscript.

2.Line 85, ‘measured’—'was measred.

3.Line 86, what's the speed applied in the study? Provided more information about the experiment.

4.Line 91-84, this paragraph is not clear. Flease rewrite this section.

5.Line 106, "length’—'length of', *width’—"width of'.

6.Line 113, 'Anylisis'—'Analysis’.

7.Please correct the grammar of this sentence. Generally, thepast tense is recommended to use in scientific articles.
8.Line 122-123, please revised the tense in this part and checked the whole manuscript.

9.In the discussion section. The authors are recommended to add more substantial discussion with the others’ work. .
10.Please indicate statistical information in the related figures and tables.

Date Sent: 29-Feb-2016
File 1: - Manuscript (Syafutri_MI_Indonesia)-2.pdf
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Elm Bl behalfof-+rs+ricescience.org@ Tipteentral.com /=, Rab,16 Mar 2016 jam 125
Berbintang Hepada: misyafutri@yahoo.com, merynda@fp.unsriacid
Ci 16 Mar2016
Terkirim .

Dear Academican Syafutri:

Arsip

Recently, you received a decision on Manuscript ID RiceSci-2015-0138, entitled "The Physical and Chemical Characteristics of
Spam Cooked Rice from Some Diffierent Lowland Rice Varieties and Cooking Methods.” The manuscript and decision letter are located
in your Author Center at https://mc03. manuscriptcentral.com/rice.

Sampah

This e-mail is simply a reminder that your revision is due in two weeks. [fit is not possible for you to submit your revision within
two weeks, we will consider your paper as a new submission.

~ Lebih sedikit

Tam... Sembunyikan You may also click the below link to start the revision process (or continue the process if you have already started your revision)

for your manuscript. If you use the below link you will not be required to login to ScholarOne Manuscripts.

A Foto

B Dokumen hitps:/mc03 manuscriptcentral.com/rice?URL MASK=adldccbd76f84318c5e8b53076cd7 71
= Langganan
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%\ Promo Admin

Rice Science Editorial Office
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Belum Dibaca behalfof +rs+ricescience.org@ central.com = Rab, 30 Mar 2016 jam 1519

Bertintang Hepada: misyafutri@yzhoo.com, merynda@®fp.unsriac.id

Draft 30-Mar-2016

Terkirim Dear Ms. Syafutri

Arsip

Your manuscript entitled "The Physical and Chemical Characteristics of Cooked Rice fom Some Different Lowland Rice
Spam Varieties and Cooking Methods" has been successfully submitted online and is presently being given full consideration for
publication in the Rice Science.

Sampah

A Lebih sedikit Your manuscript 1D is RiceSci-2015-0138.R1.

Please mention the above manuscript |0 in all future correspondence or when calling the office for questions. If there are any
changes in your street address or e-mail address, please log in to ScholarOne Manuscripts at

Tam... Sembunyikan _ : r
https:/ime03. manuscrpteentral.com/rice and edit your user information as appropriate.

7 Foto

B Dok You can alsa view the status of your manuscript at any time by checking your Author Centre after logging in ta
Dakumen

https:/imc03. manuscriptcentral.com/rice.
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Thank you for submitting your manuscript to the Rice Science.

Sincerely,
Rice Science Editorial Office
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Rice Science - Decision on Manuscript 1D RiceSci-2015-0138.R1 vahoo/Email M.

behalfof-editor+ri com -

=

g P Sen, 18 Apr 2016 jam 08.02
Hepada: misyafutri@yahoo.com, merynda@fp.unsriac.id

18-Apr-2016

Dear Ms_ Syafutri-Manuscript ID RiceSci-2015-0138 R1 entitled "The Physical and Chemical Characteristics of Cooked Rice
from Some Different Lowland Rice Varieties and Cooking Methods" which you submitted to the Rice Science, has been
reviewed. The comments of the reviewer(s) are included at the bottom of this letter.

The reviewer(s) have recommended publication, but also suggest some minor revisions to your manuscript. Therefore, | invite
you to respond to the reviewer(s) comments and revise your manuscript.

To revise your manuscript, log into https-/mc03 manuscriptcentral.com/rice and enter your Author Centre, where you will find
your manuscript title listed under "Manuscripts with Decisions." Under "Actions." click on "Create a Revision." Your manuscript
number has been appended to denote a revision.

‘You may also click the below link to start the revision process (or continue the process if you have already started your revision)
for your manuscript. If you use the below link you will not be required to login to ScholarOne Manuscripts.

https:/ime03.manuscriptcentral.com/rice?URL_MASK=c82f950a0f3349389902dsf15d20fc99

You will be unable to make your revisions on the originally submitted version of the manuscript. Instead, revise your manuscript
using a word processing program and save it on your computer. Please also highlight the changes to your manuscript within the
document by using the track changes mode in MS Word or by using bold or colored text.

Once the revised manuscript is prepared, you can upload it and submit it through your Author Centre.

When submitting your revised manuscript, you will be able to respond to the comments made by the reviewer(s) in the space
provided. You can use this space to document any changes you make to the original manuscript. In order to expedite the
processing of the revised manuscript, please be as specific as possible in your respanse to the reviewer(s).

IMPORTANT: Your original files are available to you when you upload your revised manuscript. Please delete any redundant
files before completing the submission.

Because we are trying to facilitate timely publication of manuscripts submitted to the Rice Science, your revised manuscript
should be uploaded as soon as possible. If it is not possible for you to submit your revision in a reasonable amount of time, we
may have to consider your paper as a new submission.

Once again, thank you for submitting your manuscript to the Rice Science and | look forward to recaiving your revision.

Sincerely,
Ir. Hongmin Fang
Editor, Rice Science

editor@ricescience.org

Reviewer(s) Comments to Author:

Comments to the Author

Please polish the language carefully throughout the whole manuscript. Especially in the Introduction section, the present tense

or the past tense is recommended. For your own work, use past tense better. Following just examples: present tense better for
124, L28; grammar errors for L30; Wrong sentence for L45.
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Decision Letter (RiceSci-2015-0138.R1)

From:
To:
cG

Subject:

Body:

editor@ricescience.org

misyafutri@yahoo.com, merynda@fp.unsri.ac.id

Rice Science - Decision on Manuscript ID RiceSai-2015-0136.R1
18-Apr-2016

Dear Ms. Syafutri:Manuscript 1D RiceSci-2015-0138.R1 entitled "The Physical and Chemical Characteristics of Cooked Rice fram Some Different Lowland Rice Varieties and Cooking
Methods" which you submitted to the Rice Science, has been reviewsd, The comments of the reviewer(s) are induded at the battom of this |etter.

The reviewer(s) have recommended publication, but also suggest some minor revisions to your manuscript. Therefore, T invite you to respond to the reviewer(s)' comments and revise
your manuscript,

Te revise your manuscript, log inte https://mc03.manuscriptcentral.com/rice and enter your Author Centre, where you will find your manuscript title listed under "Manuscripts with
Decisions." Under "Actions,” click on "Create a Revision." Your manuscript number has been appended to denote a revision,

You may also dlick the below link to start the revision process (or continue the process if vu have already started your revision) for your manuscript. If you use the below link you wil
not be required to login to ScholarOne Manuscripts.

https://mc03.manuscriptcentral.com/rice?URL_MASK=c82350a0f3349389902def45d20fc33

You will be unable to make your revisions on the originally submitted version of the manuscript. Instead, revise your manuscript using a word processing program and save it on your
computer. Please also highlight the changes to your manuscript within the document by using the track changes mode in M3 Word or by using bold or colored text,

Once the revised manuscript is prepared, you can upload it and submit it through your Author Centre,

When submitting your revised manuscript, you will be able to respond to the comments made by the reviewer(s) in the space provided. You can use this space to document any
changes you make to the original manuscript. In order to expedite the processing of the revised manuscript, please be as specific as possible in your respanse to the reviewer(s).

IMPORTANT: Your original files are available to you when you upload your revised manuscript. Please delete any redundant files before completing the submissian.

Because we are trying to facilitate timely publication of manuscripts submitted to the Rice Science, your revised manuscript should be uploaded as soon as possible. If it is nat possible
for you to submit your revision in a reasonable amount of time, we may have to consider your paper as a new submission.

Once again, thank you for submitting your manuscript to the Rice Science and I look forward to receiving your revision,

Sincerely,
Mr. Hongmin Fang
Editor, Rice Science
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lepada: misyafutri@yahoo.com, merynda@fp.unsri.acid

24-Apr-2016
Dear Ms. Syafutri:

Recently, you received a decision on Manuscript 1D RiceSci-2015-0138.R1, entitled "The Physical and Chemical Characteristics
of Cooked Rice from Some Different Lowland Rice Varieties and Cooking Methods." The manuscript and decision letter are
located in your Author Center at https://mc03.manuscriptcentral.com/rice.

This e-mail is simply a reminder that your revision is due in two weeks. Ifit is not possible for you to submit your revision within
twio weeks. we will consider your paper as a new submission.

You may also click the below link to start the revision process (or continue the process if you have already started your revision)
for your manuscript. if you use the below link you will not be required to login to ScholarOne Manuscripts.

https://mc03.manuscriptcentral.com/rice?URL_MASK=8b309fabf91b4fa6bbafbedc2e785ada

Sincerely,
Admin
Rice Science Editorial Office

fS@HCeSCIBHCe.ng
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Rice Science - Manuscript 1D RiceSci-2015-0138.R2

rs@ricescience.org = Rab, 27 Apr 2016 jam 1552

Kepada: misyafutri@yahoo.com, merynda@fp.unsriacid

27-Apr-2016

Dear Ms. Syafutri:

Your manuscript entitled ‘The Physical and Chemical Characteristics of Cooked Rice from Some Different Lowland Rice
Varieties and Cooking Methods" has been successfully submitted online and is presently being given full consideration for
publication in the Rice Science.

Your manuscript ID is RiceSci-2015-0138.R2.

Please mention the above manuscript 10 in all future comespondence or when caling the office for questions. Ifthere are any
changes in your street address or e-mail address, please log in to ScholarOne Manuscripts at

https//me03. manuscriptcentral. com/rice and edit your user information as appropriate.

You can also view the status of your manuscript at any time by checking your Author Centre after logging in to
https:#fmc03. manuscriptcentral comfrice.

Thank you for submitting your manuscript to the Rice Science.

Sincerely,
Rice Science Editorial Office
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Email Mask 52 Rice Science - Decision on Manuscript ID RiceSci-2015-0138.R2 Vahoo/Email M..
Belum Dibaca ﬂ ricescience@gmail.com & Kem,5Mei 2016 jom 1327
Berbintang Hepada: misyafutri@yahoo.com, merynda@fp.unsriacid
e 05May-2016
Terkirim izi

Dear Ms. Syafutri: COn.dmonatt:re
Arsip Ariel Energia
Itis a pleasure to accept your manuscript entitled "The Physical and Chemical Characteristics of Cooked Rice from Some

Spam Different Lowland Rice Varieties and Cooking Methods" in its current farm for publication in the Rice Science. X
Sampah

For editing. Please provide Excel format Figure 1-6 with original data included.

A Lebih sedikit ) _ ) )
Thank you for your fine contribution. On behalf of the Editors of the Rice Science, we look forward to your continued

contributions ta the Joumal.

Tam... Sembunyikan

Sincerely,
A foto Dr. Cheng Shihua
Editor in Chief, Rice Science
Doku .
B okumen ricescience@gmail.com
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Rice Science

Decision Letter (RiceSci-2015-0138.R2)

From: ricescience@gmail.com

To: misyafutri@yahoo.com, merynda@fp.unsri.ac.id
cC:
Subject: Rice Science - Decision on Manuscript ID RiceSci-2015-0138.R2
Body: 05-May-2016
Dear Ms. Syafutri:

It is & pleasure to accept your manuscript entitled "The Physical and Chemical Characteristics of Cooked Rice from Some Different Lowland Rice Varieties and Cooking Methods" in its
current form for publication in the Rice Science.

For editing, Please provide Excel format Figure 1-5 with original data included.

Thank you for your fine contribution. On behalf of the Editors of the Rice Science, we look forward to your continued contributions to the Journal.

Sincerely,

Dr. Cheng Shihua

Editor in Chief, Rice Science
ricescience@gmail.com

Date Sent: 05-May-2016

Close Window
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S— Bls: Rice Science - Dedision on Manuscript ID RiceSci-2015-0138.R2 Yahoo/Terkirim BIN m[b
EMANA
elinDibac Merynda Indriyani Syafutri <misyauiri@yzhoo.com> = g Min8Mei2i6jam B3 .
Berbintang Kepada: ricescience@gmail.com MENDING ;
DUNIA PENUH KARYA
braft May 8th, 2016
Terkirim
) Dear Editor of Rice Science Journal
Arsip
Spam | am very happy to receive the news about the my manuscript enfitlied "The Physical and Chemical
Characteristics of Cooked Rice from Some Different Lowland Rice Variefies and Cooking Methods”. >
sarpah Together with this email, | attach excel format for Fig 1-5.
A Lebih sedikit | am very grateful for the willingness of rice science journal to accept my manuscript.
Thank You.
Tam.. Sembunyikan
A Foto Best Regards
Merynda Indriyani Syafutri
B Dokumen Indonesia
iz Langganan
%( Promo
2 Tampilkan pesan asli
Folder Sembunyikan
d Faldae Raeo v L
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A . - ool B
Email Masuk 52 regarding manuscript figures Yahoo/Email M.
i hoo/mail
Belum Dibaca fang hengmin < editor@ricescience.org> = Rab 25Mei 2016 jam 1241 e
Berbintang Kepada: misyafutri@yahoo.com ORGANIZED
ot CUSTOMIZED
Dear Dr. Merynda Indriyani SYAFUTRI: AWESOMIZED
Terkirim
Please provide the Excel format figure 1-5 with original data included for your manuscirpt entitled "the physical
Arsip Get theapp
and chemical charcteristics of cooked rice
5)
[ from some different lowland rice varietes and cooking methods". 5
Sampah

We are looking forward to receiving your email reply with Excel formate figures attached.
~ Lebih sedikit

Tam.. Sembunyikan Sincerely yours,

7 Foto

B Dokumen Editorial Office of Rice Science

MR CHINA NATIONAL RICE RESEARCH INSTITUTE
%( Promo

< xmmlnamespace="" prefix=""n:="" /> Tiyuchang Road No. 339,

Folder Sembunyikan Hangzhou 310006, CHINA

L Faldar Aares
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Email Masuk | 52 - fang hongmin < editor@ricescience.org = Sen, 6lun 2016 jam 08.20
Hepada: misyafutri@yahoo.com -

Belum Dibaca

Berbintang Dear Dr. Syafutri

Draft For the figures 1-5 and table 1 of the manuscript ricesci-2015-0138, there existed some questions:

Terkirim 1. the data in the figures and table 1 are mean values? if yes, provide SD(standard deviation) or

Arsip SE ( standard error) values.

Spam 2. Provide Error Bars for the figure 1-5, and give n value (repetition)

Sampah 3. the data in table are the mean values of three treatments (81,82, B3) ?
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The Physical and Chemical Characteristics of Cooked Rice from Some
Different Lowland Rice Varieties and Cooking Methods

Abstract : The objective of the research was to analyze the effect of different lowland rice varieties and different
cooking methods on physical and chemical properties of cooked rice. The research used a factorial Randomized
Block Design with two factors and each combination of the factors was repeated three times. The first factor was
rice variety (A;: Ciherang variety, A,: Ciliwung variety) and the second factor was the cooking method (B;:
stovetop, B,: boiled and steamed, Bs: rice cooker). Milled rice of Ciherang variety had the ratio between length
and width was 3.44, lightness of 65.97%, chroma 12.03%, hue 69.37°, moisture content 12.27%, amylose content
22.64%, protein content 10.73%, total amino acid 7.75%. Milled rice of Ciliwung variety had the ratio between
length and width was 3.21, lightness of 67.93%, chroma 12.00%, hue 65.70°, moisture content 12.22%, amylose
content 18.85%, protein content 8.98%, total amino acid content 6.98%. Results showed that the lightness of
cooked rice was in the range of 73.07% to 76.20%, chroma 5.63% to 7.10%, hue 62.43° to 68.20° and texture
25.70 gf to 33.00 gf. Statistical analysis showed that cooking method had significant effect on texture, lightness,
chroma, hue and moisture content of cooked rice.

Key words : cooking method; lowland rice varieties

Rice is one of the important commodity results in rice farming systems in lowland swamp. Lowland swamp land
that has been cultivated for rice farming with cropping patterns once a year is 91%, while for rice farming with
cropping twice a year only about 9% (Sudana, 2005). The varieties of rice grown in lowland swamp area consists
of various varieties namely Ciherang, Ciliwung, Mekongga, IR 10, IR 42, IR 64, Ciherang Dempo, Ciliwung
Jumbo, and Rojo Lele (Syafutri, 2015). Ciherang and Ciliwung are several varieties widely grown by farmersin
lowland swamp land. The difference of rice varieties will affect the characteristics of cooked rice produced.
According to Yadav et a (2007), different rice varieties showed significant effects on the physicochemical
properties, morphology, and cooking properties, but Putri (2012) stated that the starch contents of rice were still
the same ie more than 80%. Cooking method also affect the characteristics of cooked rice. According to Han et a
(2008), different cooking method will affect the hydrolysis of starch rice. Cooking the raw rice into the cooked
rice can be done in various ways. Indonesian people use two ways to cook rice namely conventional and modern
way. The conventional way consist of liwet method using stovetop, and combination of boiling and steaming
method. The modern way was cooking rice using electric rice cooker. Each cooking method uses different heat
and long cooking. The objective of this study was to analyze the effect of different lowland rice varieties and
different cooking methods on physical and chemical of cooked rice.

MATERIALS AND METHODS
Rice Materials

The rice used in this study derived from lowland swamp land at East OKU, South Sumatera, Indonesia. The
varieties of rice were Ciherang and Ciliwung.

M ethods

This study using Factorial Randomized Block Design with two treatment factors and repeated three times. The
treatment factors were rice variety (A) and the cooking method (B). The first factor consisted of two levels :
Ciherang (A1) and Ciliwung (A,), where as the second factor consisted of three levels : liwet method using
stovetop (B1), combination of boiled and steamed (B.), and rice cooker (Bz). The data obtained performed using
analysis of variance (ANOVA) 5% and HSD test. The parameters of this study were physical and chemical
characteristics on milled rice and cooked rice. The physical characteristics of milled rice included dimensionsrice
and color, where as the chemical characteristics of milled rice included moisture content, amylose content, protein
content and total amino acids. The physical characteristics of cooked rice were color and texture, while the
chemical characteristic was moisture content.

Liwet Method using Stovetop
The procedurs of liwet method (Deliani, 2004) which has been modified were : first, milled rice with whole
grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water (2 times) and drained
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for 2 minutes, then put in aregular pot or pan pot. Next step, water (150 mL) was added to the pot containing.
Fourth, the rice cooked in a covered pot until boiling. Then, stirring done 10 times after boiling water (100°C).
Sixth, if the water was up, stirred again (stirring the latter performed 5 times and the pot sealed while the fire
diminished. Last, the cooking times of liwet method were 10 minutes.

Combination of Boiled and Steamed Method

The procedurs of boiled and steamed combination method (Deliani, 2004) which has been modified were : first,
milled rice with whole grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water
(2 times) and drained for 2 minutes, then put in aregular pot or pan pot. Third, water (150 mL) was added to the
pot containing. Next, the rice cooked in a covered pot to a boil for 5 minutes, then reduce the heat (during heating
stirring 15 times until becoming rice (water absorbed by rice). Fifth, stirring done 10 times after boiling water
(100°C) to become rice (water absorbed by rice). Then, rice stirred and moved to the steamer containing boiled
water, then waited for 5 minutes.

Rice Cooker Method

The procedurs of modern cooking method (rice cooker) (Sutarjana, 2009) which has been modified were : first,
milled rice with whole grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water
(2 times) and drained for 2 minutes and put in an aluminum pan on the rice cooker. Then, water (150 mL) was
added. Fourth, thermostat clicked and light "cooking" light up on the rice cooker to cook the raw rice into the
cooked rice. Finally, the thermostat button will automatically moved from the position of the light "cooking" to
the position of the lights "warmer" that shows rice cooked.

Dimention of rice
Rice dimensions include length and width measured using calipers. Whole rice intact (10 seeds) taken from each
variety. Seeds of rice measured length and width using calipers and the average was taken.

Texture

Texture of rice was measured with “Brookfield” texture analyzer (Faridah et al, 2006). Brook (cylindrical type)
mounted just above the sample. The needle was attached to the tip of the sample. Brooke (blade type) pressing
right in the middle of the sample. Then, on display listed number of peak load and final load (gram force).

Color

Analysis of color was measured using “Konica Minolta” Chromameter. Chromameter turned on and the button
was activated to select and determine the values and numbers were used. The values that be used were Lightness
(L), Chroma (C) and Hue (H). Samples of rice were placed under the lens of Chromameter and numbers of L (%),
C (%), and H (°) will be shown (Munsell, 1997).

Chemical Characteristics

The chemical characteristics included moisture content, amylose content, protein content and total amino acids.
Moisture content, amylose content, protein content and total amino acids were determined using method of
AOAC (2006).

RESULTS
Dimention of Rice
Variety of lowland swamp rice used for this study were Ciherang and Ciliwung. Dimention averages of Ciherang
and Ciliwung varieties included length and width. Rice of Ciherang variety had length 7.01 mm and width 2.04
mm. Rice of Ciliwung variety had length of 6.75 mm and width of 2.10 mm. The ratio between length and width
of Ciherang variety was 3.44, while the ratio between length and width of Ciliwung variety ratio was 3.21.
Texture
Texture indicated as hardness of rice that cooked with some cooking methods. Physically, hardness of rice

defined as rice ability to accept certein load in certein time. Analysis of texture could determine hardness and
tenderness of rice. Based on this study, texture averages of cooked rice were 25.70 to 33.00 ¢gf (Fig. 1). The
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analysis of variance showed that cooking method had significant effect on texture of cooked rice (Table 1), while
variety of rice and interaction between cooking method and variety of rice had no significant effect on texture of
cooked rice. The cooked rice that had high texture value was harder than cooked rice that had low texture value.

Color

Color analysis conducted on milled rice and cooked rice with attribute L (lightness), C (chroma) and H (hue). The
maximum value of lightness was 100% that showed very white. The lightness value of Ciherang variety was
65.97%, while the lightness value of Ciliwung variety was 67.93% .

The lightness value of cooked rice with different varieties and cooking methods ranged from 73.07 to 76.20 %
(Fig. 2). The highest lightness value (76.20 %) found in rice with A,B3 treatment (Ciliwung variety and cooking
methods using the rice cooker), while the lowest lightness value (73.07 %) found in rice with AB; treatment
(Ciherang variety and liwet methods). The high lightness value of rice indicated that the color of rice was brighter.
The analysis of variance showed that cooking method had significant effect on lightness of cooked rice (Table 2),
while variety of rice and interaction between cooking method and variety of rice had no significant effect on
lightness of cooked rice.

The chroma value of Ciherang variety was 12.03%, while the chroma value of Ciliwung variety was 12.00%. The
chroma value of cooked rice with different varieties and cooking methods ranged from 5.63 to 7.10% (Fig. 3).
The highest chroma value (7.10 %) found in rice with A,B; treatment (Ciherang variety and liwet method), while
the lowest chroma value (5.63 %) found in rice with A ;B3 treatment (Ciliwung varietiy and cooking method using
the rice cooker). The analysis of variance showed that cooking method had significant effect on chroma of cooked
rice (Table 3), while variety of rice and interaction between cooking method and variety of rice had no significant
effect on chroma.

The hue value of Ciherang variety was 69.37°, while the hue value of Ciliwung variety was 65.70°. The hue value
of parboiled rice with different varieties and cooking methods ranged from 62.43 to 68.20° (Fig. 4). The highest
hue value (68.20°) found in rice with A,B; treatment (Ciliwung variety and cooking method using the rice
cooker), while the lowest hue value (62.43° found in rice with A;B; treatment (Ciherang variety and liwet
method). The analysis of variance showed that cooking method had significant effect on hue of cooked rice
(Table 4), while variety of rice and interaction between cooking method and variety of rice had no significant
effect on hue of cooked rice. According to hue value, Ciherang and Ciliwung varieties with different cooking
method had yellow-red (YR) color.

M oistur e Content

The moisture content was measured in milled rice and cooked rice. The moisture content averages of Ciherang
variety was 12.27%, while the moisture content averages of Ciliwung variety was 12.22%. The moisture content
of cooked rice with different varieties and cooking methods ranged from 56.01 to 57.68% (Fig. 5). The highest
moi sture content value (57.68%) found in rice with A,B; treatment (Ciliwung variety and liwet method), while the
lowest hue value (56.01%) found in rice with A;B, treatment (Ciherang variety and combination of boiling and
steaming method). The analysis of variance showed that cooking method had significant effect on moisture
content of cooked rice (Table 5), while variety of rice and interaction between cooking method and variety of rice
had no significant effect on moisture content of cooked rice.

Amylose Content

Amylose content measured in rice of Ciherang and Ciliwung varieties. Determination of amylose content begins
with the manufacture of standard curve, where the resulting regression equation was 'y = 0,0217x - 0.0161. The
average value of amylose content with treatment A, (Ciherang variety) was 22.64%, while the average value of
amylose content with treatment A, (Ciliwung variety) was 18,85%.

Protein Content and Total Amino Acid
The result showed that protein content and total amino acids of Ciherang variety were 10.73% and 7.75%

respectively, while protein content and total amino acids of Ciliwung variety were 8.98% and 6,98% respectively
(Table 6). Tota amino acids were observed consisting of 10 types of essential amino acids and 5 types of non-
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essential amino acids. The most abundant amino acids contained in Ciherang and Ciliwung varieties namely
glutamic acid (non-essential amino acids) of 1.68% and 1.49% respectively.

DISCUSSION

Dimention of rice included length, width, and ratio between length and width. The result showed that length of
Ciherang and Ciliwung varieties including classification long grain rice. This was consistent with research
Setyono and Wibowo (2008) which stated that a length of rice 6.6 to 7.5 mm classified as long grain rice. Based
on the ratio between length and width, Ciherang and Ciliwung varieties including into long grain rice type and
rice shape slender (ratio L/W > 3,0) (Slaton et al, 2000 ; Setyono and Wibowo, 2008). The slender rice is more
preferable by consumers.

Texture value indicated as hardness of cooked rice. The rice that cooked with liwet method had low texture value.
It caused the texture of cooked rice was softer than the other methods. During cooking process with liwet
method, rice absorb water and starch granules in rice will swell. Cooking process with liwet method performed
heating temperature setting. The heating temperature setting included the big fire which used to speed up the
process of heating water reaching the boiling point temperature of water (100 °C), moderate heat to ripen the rice,
and a small fire to prevent the formation of athick crust. Setting the heating temperature ranging from the boiling
water and rice until the rice maturation. Setting the temperature during liwet methods caused heat exposure on rice
longer than combination of boiling and steaming method and modern method using a rice cooker. Exposure to
prolonged heat causes the texture of rice was softer. Cooking rice with combination of boiling and steaming
method had the highest value of texture, so the rice produced had a harder texture than the rice produced using
liwet method and modern method using the rice cooker. Cooking rice with combination of boiling and steaming
method had the highest average value of texture because at the time after water boiled at 100 °C, the water
absorbed into the rice and then the fire was turned off. Furthermore, the rice cooled and occured re-arrangement of
amylose that leads to retrogradation process before entering the stage steaming, so the texture of rice produced
was louder. According to Winarno (2004), retrogradation is a re-crystallization process of starch which has
undergone gelatinization. One of the factors that affect the texture of rice is gelatinization process. Rice to become
cooked rice must undergo gelatinization (Marshall, 1994). Gelatinization process occurs during the warm rice in
water until it becomes cooked rice. Gelatinization temperature affect the ripening time. Rice that has a high
gelatinization temperature need alonger cooking time than rice that has alow gelatinization temperature.

Color analysis conducted on milled rice and cooked rice with attribute L (lightness), C (chroma) and H (hue).
Lightness value indicates the brightness or darkness of a color (Winarno, 2004). The high lightness value of rice
indicated that the color of rice is brighter. Lightness value of cooked rice affected by temperature and cooking
time for each cooking method. The rice cooked using liwet methods was the lowest. Cooking process with liwet
method performed heating temperature setting manually, which caused heat exposure on rice longer than other
methods. It caused the time of cooking rice was longer. The heating time on the rice will caused a browning
reaction between carbohydrates and protein, and will produce darker rice (yellow-red). It indicated by low value
of lightness. The rice cooked using rice cooker had the lowest value of chroma. The chroma values affected by
temperature and cooking time for each cooking method. The process of cooking rice using arice cooker required
a shorter time than the other methods, so the heating process during cooking was faster. Accelerated warming
process will minimize the risk of browning reaction (Maillard) on rice, so that rice produced had a weak color
indicated by lower chroma values. Browning reaction (Maillard) will cause higher chroma values on rice.
According to hue value, Ciherang and Ciliwung varieties with different cooking method had yellow-red (YR)
color. Formation of colors on rice affected by heating process during cooking rice. During the heating process
occurs reaction between the protein and reducing sugar. It cause the formation of glycocylamin. Glycocylamin
suffered polymerase to form melanoidin which causes color changes of rice to yellow red (Maillard reaction)
(Wahyudi, 2005).

The moisture content was measured in milled rice and cooked rice. Water is one of the important elements in food
stuffs. According to Sudarmadiji et al. (2007), the moisture content is the amount of water contained in food,
included free water and water bound physically and chemically. According to Badan Standarisasi Nasiona
(1999), maximum moisture content is 14% of milled rice. The moisture content of Ciherang and Ciliwung
varieties according to the moisture content determined by SNI 01-6128-1999. The results of moisture content
analysis also showed that cooking rice with liwet method had the highest moisture content, so the texture rice
softer than the other methods. It occured because rice longer exposure to heat. In addition, water trapped in the
pan can be absorbed back into the rice during the resting time after the fire turned off, so it will affect the moisture
content of therice.
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Amylose content is one of the important criteria in the classification system of rice. The amylose content of
Ciherang variety including moderate classification, while the amylose content with of Ciliwung variety including
low classification. According to Allidawati and Bambang (1989), based on the amylose level, rice grouped into
very low of amylose (<10%), low (10 to 20%), moderate (20 to 24%) and high (> 25%). Higher amylose content
in rice will increase the occurrence of rearrangement of amylose after experiencing gelatinisasi leading to
retrogradation process. Rice that have high amylose will produce not sticky rice, can expand and become hard if it
is cold. Moderate amylose rice have fluffier texture generally. Low amylose rice produce sticky rice, shiny, not
expand, and still coagulate after a cold when cooked (Damardjati, 1995 in Indrasari et al., 2009).

The protein content of Ciherang and Ciliwung varieties were 10.73% and 8.98%, while total amino acids of
Ciherang and Ciliwung varieties were 6,98% and 7.75% respectively. The most abundant amino acids contained
in Ciherang and Ciliwung varieties namely glutamic acid (non-essential amino acids). According to the Nutrition
Directorate of the Ministry of Health (1996), the protein content of rice per 100 grams is 7.6%. According to
Haryadi et al. (2008) in Larasati (2012), protein content of rice is 7.3 to 10.2% and a maximum of 14%.
According to Haryadi (2008), the rice contains higher protein needs more water and a longer cooking time. This
relates to the structure of the seed. The starch granules enclosed in a protein, so the absorption of water blocked
by protein. It causes the time of cooking islonger.

CONCLUSION

Ciherang variety had a length and width ratio of 3.44, lightness 65.97%, chroma 12.03%, hue 69,37°, moisture
content, amylose content 22.64%, protein content 10.73%, and tota amino acids 7.75%.
Ciliwung variety had a length and width ratio of 3.21, lightness 67.93%, chroma 12.00%, hue 65,70°, moisture
content 12.22%, amylose content 18.85%, protein content 8.98%, and total amino acids 6.98%. The method of
cooking had significant effects on texture (hardness), color (lightness, chroma, hue), and moisture content of the
cooked rice.
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Cooking Methods Texture Averages (gf) HSD 5% = 0.58
B (liwet (traditional method)) 26.70 a
B3 (using rice cooker) 27.37 b
B, (combination of pengaronan (boiling) and steaming) 32.68 c
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473 Table 2. HSD test of cooking method influence on lightness of cooked rice
Cooking Methods Lightness Averages (%) HSD 5% = 0.58
B (liwet (traditional method)) 73.80 a
B, (combination of pengaronan (boiling) and steaming) 75.07 b
B3 (using rice cooker) 75.88 c
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475 Table 3. HSD test of cooking method influence on chroma of cooked rice
Cooking Methods Chroma Averages (%) HSD 5% =0.21
B3 (using rice cooker) 5.68 a
B, (combination of pengaronan (boiling) and steaming) 6.25 b
B; (liwet (traditional method)) 6.90 c
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Cooking Methods Hue Averages (°) HSD 5% = 1.00

B (liwet (traditional method)) 62.70 a

B, (combination of pengaronan (boiling) and steaming) 64.13 b

B3 (using rice cooker) 66.82 c
Table 5. HSD test of cooking method influence on moistur e content of cooked rice

Moisture Content
Cooking Methods Averages (%) HSD 5% =0.16

B, (combination of pengaronan (boiling) and steaming) 56.24 a

B3 (using rice cooker) 57.18 b

B, (liwet (traditional method)) 57.64 c
Table6. Protein content and total amino acids of Ciherang and Ciliwung varieties

Result
Parameter Ciherang Ciliwung Unit

Protein Content 10,73 8,98 Yow/w
Amino Acid
Aspartic acid 0,79 0,69 % wiw
Glutamic acid 1,68 1,49 % wiw
Serine 0,47 0,43 % wiw
Histidine 021 0,19 % wiw
Glycine 0,36 0,34 % wiw
Threonine 0,29 0,27 % wiw
Arginine 0,69 0,59 % wiw
Alanine 0,47 0,43 % wiw
Tyrosine 0,30 0,26 % wiw
Methionine 0,13 0,14 % wiw
Valine 0,49 0,44 % wiw
Phenylalanine 0,49 0,44 % wiw
I-leucine 0,37 0,34 % wiw
Leucine 0,72 0,64 % wiw
Lysine 0,29 0,30 % wiw
Amino Acid Total 7,75 6,98 % wiw
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The Physical and Chemical Characteristics of Cooked Rice
from Some Different Lowland Rice Varieties and Cooking Methods

Abstract : The objective of the research was to analyze the effect of different lowland rice varieties and different
cooking methods on physical and chemical properties of cooked rice. The research used a factorial Randomized
Block Design with two factors and each combination of the factors was repeated three times. The first factor was
rice variety (A;: Ciherang variety, A,: Ciliwung variety) and the second factor was the cooking method (B;:
stovetop, B,: boiled and steamed, Bs: rice cooker). Milled rice of Ciherang variety had the ratio between length
and width was 3.44, lightness of 65.97%, chroma of 12.03%, hue of 69.37°, moisture content of 12.27%, amylose
content of 22.64%, protein content of 10.73%, total amino acid of 7.75%. Milled rice of Ciliwung variety had the
ratio between length and width was 3.21, lightness of 67.93%, chroma of 12.00%, hue of 65.70°, moisture content
of 12.22%, amylose content of 18.85%, protein content of 8.98%, total amino acid of 6.98%. Results showed that
the lightness of cooked rice was in the range of 73.07% to 76.20%, chroma of 5.63% to 7.10%, hue of 62.43° to
68.20° and texture of 25.70 gf to 33.00 ¢f. Statistical analysis showed that cooking method had significant effects
on texture, lightness, chroma, hue and moisture content of cooked rice.

Key words : cooking method; cooked rice; lowland rice varieties

Rice is one of the important commodity results in rice farming systems in lowland swamp. Lowland swamp land
that has been cultivated for rice farming with cropping patterns once a year is 91%, while for rice farming with
cropping twice a year only about 9% (Sudana, 2005). The varieties of rice grown in lowland swamp area consists
of various varieties namely Ciherang, Ciliwung, Mekongga, IR 10, IR 42, IR 64, Ciherang Dempo, Ciliwung
Jumbo, and Rojo Lele (Syafutri, 2015). Ciherang and Ciliwung are several varieties widely grown by farmersin
lowland swamp land. The difference of rice varieties will affect the characteristics of cooked rice produced.
According to Yadav et a (2007), different rice varieties showed significant effects on the physicochemical
properties, morphology, and cooking properties, but Putri (2012) stated that the starch contents of rice were still
the same ie more than 80%. Cooking method also affect the characteristics of cooked rice. According to Han et a
(2008), different cooking method will affect the hydrolysis of starch rice. Cooking the raw rice into the cooked
rice can be done in various ways. Indonesian people use two ways to cook rice namely conventional and modern
way. The conventional way consist of liwet method using stovetop, and combination of boiling and steaming
method. The modern way was cooking rice using electric rice cooker. Each cooking method uses different heat
and long cooking. The objective of this study was to analyze the effect of different lowland rice varieties and
different cooking methods on physical and chemical of cooked rice.

MATERIALS AND METHODS
Rice Materials

The rice used in this study derived from lowland swamp land at East OKU, South Sumatera, Indonesia. The
varieties of rice were Ciherang and Ciliwung.

M ethods

This study using Factorial Randomized Block Design with two treatment factors and repeated three times. The
treatment factors were rice variety (A) and the cooking method (B). The first factor consisted of two levels :
Ciherang (A1) and Ciliwung (A,), where as the second factor consisted of three levels : liwet method using
stovetop (B1), combination of boiled and steamed (B.), and rice cooker (Bz). The data obtained performed using
analysis of variance (ANOVA) 5% and HSD test. The parameters of this study were physical and chemical
characteristics on milled rice and cooked rice. The physical characteristics of milled rice included dimensionsrice
and color, where as the chemical characteristics of milled rice included moisture content, amylose content, protein
content and total amino acids. The physical characteristics of cooked rice were color and texture, while the
chemical characteristic was moisture content.

Liwet Method using Stovetop
The procedurs of liwet method (Deliani, 2004) which has been modified were : first, milled rice with whole
grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water (2 times) and drained
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for 2 minutes, then put in aregular pot or pan pot. Next step, water (150 mL) was added to the pot containing.
Fourth, the rice cooked in a covered pot until boiling. Then, stirring done 10 times after boiling water (100°C).
Sixth, if the water was up, stirred again (stirring the latter performed 5 times and the pot sealed while the fire
diminished. Last, the cooking times of liwet method were 10 minutes.

Combination of Boiled and Steamed Method

The procedurs of boiled and steamed combination method (Deliani, 2004) which has been modified were : first,
milled rice with whole grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water
(2 times) and drained for 2 minutes, then put in aregular pot or pan pot. Third, water (150 mL) was added to the
pot containing. Next, the rice cooked in a covered pot to a boil for 5 minutes, then reduce the heat (during heating
stirring 15 times until becoming rice (water absorbed by rice). Fifth, stirring done 10 times after boiling water
(100°C) to become rice (water absorbed by rice). Then, rice stirred and moved to the steamer containing boiled
water, then waited for 5 minutes.

Rice Cooker Method

The procedurs of modern cooking method (rice cooker) (Sutarjana, 2009) which has been modified were : first,
milled rice with whole grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water
(2 times) and drained for 2 minutes and put in an aluminum pan on the rice cooker. Then, water (150 mL) was
added. Fourth, thermostat clicked and light "cooking" light up on the rice cooker to cook the raw rice into the
cooked rice. Finally, the thermostat button will automatically moved from the position of the light "cooking" to
the position of the lights "warmer" that shows rice cooked.

Dimention of rice
Rice dimensions include length and width measured using calipers. Whole rice intact (10 seeds) taken from each
variety. Seeds of rice measured length and width using calipers and the average was taken.

Texture

Texture of rice was measured with “Brookfield” texture analyzer (Faridah et al, 2006). Brook (cylindrical
type) mounted just above the sample. The needle was attached to thetip of the sample. Brooke (blade type)
pressing right in the middle of the sample. Then, on display listed number of peak load and final load
(gram force).

Color

Analysis of color was measured using “Konica Minolta” Chromameter. Chromameter turned on and the
button was activated to select and deter mine the values and numbers were used. The values that be used
were Lightness (L), Chroma (C) and Hue (H). Samples of rice were placed under the lens of Chromameter
and numbersof L (%), C (%), and H (°) will be shown (Munsell, 1997).

Chemical Characteristics

The chemical characteristics included moisture content, amylose content, protein content and total amino acids.
Moisture content, amylose content, protein content and total amino acids were determined using method of
AOAC (2006).

RESULTS
Dimention of Rice
Variety of lowland swamp rice used for this study were Ciherang and Ciliwung. Dimention averages of Ciherang
and Ciliwung varieties included length and width. Rice of Ciherang variety had length of 7.01 mm and width of
2.04 mm. Rice of Ciliwung variety had length of 6.75 mm and width of 2.10 mm. The ratio between length and
width of Ciherang variety was 3.44, while the ratio between length and width of Ciliwung variety ratio was 3.21.

Texture

Texture indicated as hardness of rice that cooked with some cooking methods. Physically, hardness of rice
defined as rice ability to accept certein load in certain time. Analysis of texture could determine hardness and
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tenderness of rice. Based on this study, texture averages of cooked rice were 25.70 to 33.00 ¢gf (Fig. 1). The
analysis of variance showed that cooking method had significant effect on texture of cooked rice (Table 1), while
variety of rice and interaction between cooking method and variety of rice had no significant effect on texture of
cooked rice. The cooked rice that had high texture value was harder than cooked rice that had low texture value.

Color

Color analysis conducted on milled rice and cooked rice with attribute L (lightness), C (chroma) and H (hue). The
maximum value of lightness was 100% that showed very white. The lightness value of Ciherang variety was
65.97%, while the lightness value of Ciliwung variety was 67.93% .

The lightness value of cooked rice with different varieties and cooking methods ranged from 73.07 to 76.20 %
(Fig. 2). The highest lightness value (76.20 %) found in rice with A,B3 treatment (Ciliwung variety and cooking
methods using the rice cooker), while the lowest lightness value (73.07 %) found in rice with AB; treatment
(Ciherang variety and liwet methods). The high lightness value of rice indicated that the color of rice was brighter.
The analysis of variance showed that cooking method had significant effect on lightness of cooked rice (Table 2),
while variety of rice and interaction between cooking method and variety of rice had no significant effect on
lightness of cooked rice.

The chroma value of Ciherang variety was 12.03%, while the chroma value of Ciliwung variety was 12.00%. The
chroma value of cooked rice with different varieties and cooking methods ranged from 5.63 to 7.10% (Fig. 3).
The highest chroma value (7.10 %) found in rice with A,B; treatment (Ciherang variety and liwet method), while
the lowest chroma value (5.63 %) found in rice with A,B3 treatment (Ciliwung varietiy and cooking method using
the rice cooker). The analysis of variance showed that cooking method had significant effect on chroma of cooked
rice (Table 3), while variety of rice and interaction between cooking method and variety of rice had no significant
effect on chroma.

The hue value of Ciherang variety was 69.37°, while the hue value of Ciliwung variety was 65.70°. The hue value
of parboiled rice with different varieties and cooking methods ranged from 62.43 to 68.20° (Fig. 4). The highest
hue value (68.20°) found in rice with A,B; treatment (Ciliwung variety and cooking method using the rice
cooker), while the lowest hue value (62.43° found in rice with A;B; treatment (Ciherang variety and liwet
method). The analysis of variance showed that cooking method had significant effect on hue of cooked rice
(Table 4), while variety of rice and interaction between cooking method and variety of rice had no significant
effect on hue of cooked rice. According to hue value, Ciherang and Ciliwung varieties with different cooking
method had yellow-red (YR) color.

M oistur e Content

The moisture content was measured in milled rice and cooked rice. The moisture content averages of Ciherang
variety was 12.27%, while the moisture content averages of Ciliwung variety was 12.22%. The moisture content
of cooked rice with different varieties and cooking methods ranged from 56.01 to 57.68% (Fig. 5). The highest
moi sture content value (57.68%) found in rice with A,B; treatment (Ciliwung variety and liwet method), while the
lowest hue value (56.01%) found in rice with A;B, treatment (Ciherang variety and combination of boiling and
steaming method). The analysis of variance showed that cooking method had significant effect on moisture
content of cooked rice (Table 5), while variety of rice and interaction between cooking method and variety of rice
had no significant effect on moisture content of cooked rice.

Amylose Content

Amylose content measured in rice of Ciherang and Ciliwung varieties. Determination of amylose content begins
with the manufacture of standard curve, where the resulting regression equation was 'y = 0,0217x - 0.0161. The
average value of amylose content with treatment A, (Ciherang variety) was 22.64%, while the average value of
amylose content with treatment A, (Ciliwung variety) was 18.85%.

Protein Content and Total Amino Acid
The result showed that protein content and total amino acids of Ciherang variety were 10.73% and 7.75%

respectively, while protein content and total amino acids of Ciliwung variety were 8.98% and 6,98% respectively
(Table 6). Tota amino acids were observed consisting of 10 types of essential amino acids and 5 types of non-
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essential amino acids. The most abundant amino acids contained in Ciherang and Ciliwung varieties namely
glutamic acid (non-essential amino acids) of 1.68% and 1.49% respectively.

DISCUSSION

Dimention of rice included length, width, and ratio between length and width. The result showed that length of
Ciherang and Ciliwung varieties including classification long grain rice. This was consistent with research of
Setyono and Wibowo (2008) which stated that a length of rice 6.6 to 7.5 mm classified as long grain rice. Based
on the ratio between length and width, Ciherang and Ciliwung varieties including into long grain rice type and
rice shape slender (ratio L/W > 3,0) (Slaton et al, 2000 ; Setyono and Wibowo, 2008). The slender rice is more
preferable by consumers.

Texture value indicated as hardness of cooked rice. The result of this study showed that cooking method had
significant effect on texture of cooked rice. Kim et al. (1987) and Daomukda et al. (2011) stated that cooking
methods affected texture of rice. The rice that cooked with liwet method had low texture value. It caused the
texture of cooked rice was softer than the other methods. During cooking process with liwet method, rice absorb
water and starch granules in rice will swell. Cooking process with liwet method performed heating temperature
setting. The heating temperature setting included the big fire which used to speed up the process of heating water
reaching the boiling point temperature of water (100 °C), moderate heat to ripen the rice, and a small fire to
prevent the formation of a thick crust. Setting the heating temperature ranging from the boiling water and rice
until the rice maturation. Setting the temperature during liwet methods caused heat exposure on rice longer than
combination of boiling and steaming method and modern method using a rice cooker. Exposure to prolonged heat
causes the texture of rice was softer. This was consistent with research of Kim et al. (1987) which stated that
cooking method of rice with soaking in boiling water had less hard and more cohesive texture than electric
cooking. Cooking rice with combination of boiling and steaming method had the highest value of texture, so the
rice produced had a harder texture than the rice produced using liwet method and modern method using the rice
cooker. Cooking rice with combination of boiling and steaming method had the highest average value of texture
because at the time after water boiled at 100 °C, the water absorbed into the rice and then the fire was turned off.
Furthermore, the rice cooled and occured re-arrangement of amylose that leads to retrogradation process before
entering the stage steaming, so the texture of rice produced was louder. According to Winarno (2004),
retrogradation is a re-crystallization process of starch which has undergone gelatinization. One of the factors that
affect the texture of rice is gelatinization process. Rice to become cooked rice must undergo gelatinization
(Marshall, 1994). Gelatinization process occurs during the warm rice in water until it becomes cooked rice.
Gelatinization temperature affect the ripening time. Rice that has a high gelatinization temperature need a longer
cooking time than rice that has alow gelatinization temperature.

Color analysis conducted on milled rice and cooked rice with attribute L (lightness), C (chroma) and H (hue).
Lightness value indicates the brightness or darkness of a color (Winarno, 2004). The high lightness value of rice
indicated that the color of rice was brighter. Lightness value of cooked rice affected by temperature and cooking
time for each cooking method. The rice cooked using liwet methods was the lowest. Cooking process with liwet
method performed heating temperature setting manually, which caused heat exposure on rice longer than other
methods. It caused the time of cooking rice was longer. The heating time on the rice will caused a browning
reaction between carbohydrates and protein, and will produce darker rice (yellow-red). It indicated by low value
of lightness. The rice cooked using rice cooker had the lowest value of chroma. The chroma values affected by
temperature and cooking time for each cooking method. The process of cooking rice using a rice cooker required
a shorter time than the other methods, so the heating process during cooking was faster. Accelerated warming
process will minimize the risk of browning reaction (Maillard) on rice, so that rice produced had a weak color
indicated by lower chroma values. Browning reaction (Maillard) will cause higher chroma values on rice.
According to hue value, Ciherang and Ciliwung varieties with different cooking method had yellow-red (YR)
color. Formation of colors on rice affected by heating process during cooking rice. During the heating process
occurs reaction between the protein and reducing sugar. It cause the formation of glycocylamin. Glycocylamin
suffered polymerase to form melanoidin which causes color changes of rice to yellow red (Maillard reaction)
(Wahyudi, 2005).

The moisture content was measured in milled rice and cooked rice. Water is one of the important elements in food
stuffs. According to Sudarmadiji et al. (2007), the moisture content is the amount of water contained in food,
included free water and water bound physically and chemically. According to Badan Standarisasi Nasiona
(1999), maximum moisture content is 14% of milled rice. The moisture content of Ciherang and Ciliwung
varieties according to the moisture content determined by SNI 01-6128-1999. The result of moisture content
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analysis also showed that cooking rice with liwet method had the highest moisture content, so the texture rice
softer than the other methods. It occured because rice longer exposure to heat. In addition, water trapped in the
pan can be absorbed back into the rice during the resting time after the fire turned off, so it will affect the moisture
content of therice. Theresult also showed that the moisture content of rice that cooked with rice cooker was
higher than rice that cooked with boiling and steaming combination. This was consistent with research of
Daomukda et al. (2011) which stated that the moisture content of brown rice that cooked with electric cook
method was higher than steaming method.

Amylose content is one of the important criteria in the classification system of rice. The amylose content of
Ciherang variety including moderate classification, while the amylose content with of Ciliwung variety including
low classification. According to Allidawati and Bambang (1989), based on the amylose level, rice grouped into
very low of amylose (<10%), low (10 to 20%), moderate (20 to 24%) and high (> 25%). Higher amylose content
in rice will increase the occurrence of rearrangement of amylose after experiencing gelatinisasi leading to
retrogradation process. Rice that have high amylose will produce not sticky rice, can expand and become hard if it
is cold. Moderate amylose rice have fluffier texture generally. Low amylose rice produce sticky rice, shiny, not
expand, and still coagulate after a cold when cooked (Damardjati, 1995 in Indrasari et al., 2009).

The protein content of Ciherang and Ciliwung varieties were 10.73% and 8.98%, while total amino acids of
Ciherang and Ciliwung varieties were 6,98% and 7.75% respectively. The most abundant amino acids contained
in Ciherang and Ciliwung varieties namely glutamic acid (non-essential amino acids). According to the Nutrition
Directorate of the Ministry of Health (1996), the protein content of rice per 100 grams is 7.6%. According to
Haryadi et al. (2008) in Larasati (2012), protein content of rice is 7.3 to 10.2% and a maximum of 14%.
According to Haryadi (2008), the rice contains higher protein needs more water and a longer cooking time. This
relates to the structure of the seed. The starch granules enclosed in a protein, so the absorption of water blocked
by protein. It causes the time of cooking islonger.

CONCLUSION

Ciherang variety had a length and width ratio of 3.44, lightness of 65.97%, chroma of 12.03%, hue of 69,37°,
moisture content of 12.27%, amylose content of 22.64%, protein content of 10.73%, and total amino acids of
7.75%. Ciliwung variety had a length and width ratio of 3.21, lightness of 67.93%, chroma of 12.00%, hue of
65,70°, moisture content of 12.22%, amylose content of 18.85%, protein content of 8.98%, and total amino acids
of 6.98%. The method of cooking had significant effects on texture (hardness), color (lightness, chroma, hue),
and moisture content of the cooked rice.
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Table 1. HSD test of cooking method influence on texture of cooked rice

Cooking M ethods Texture Aver ages (gf) HSD 5% =0.58
B (liwet (traditional method)) 26.70 a
B3 (using rice cooker) 27.37 b
B, (combination of pengaronan (boiling) and steaming) 32.68 c

Table 2. HSD test of cooking method influence on lightness of cooked rice

Cooking Methods Lightness Averages (%) HSD 5% =0.58
B; (liwet (traditional method)) 73.80 a
B, (combination of pengaronan (boiling) and steaming) 75.07 b
B; (using rice cooker) 75.88 c

Table 3. HSD test of cooking method influence on chroma of cooked rice

Cooking M ethods Chroma Averages (%) HSD 5% =0.21
B3 (using rice cooker) 5.68 a
B, (combination of pengaronan (boiling) and steaming) 6.25 b
B, (liwet (traditional method)) 6.90 c
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Table4. HSD test of cooking method influence on hue of cooked rice

Cooking Methods Hue Averages (°) HSD 5% =1.00

B; (liwet (traditional method)) 62.70 a

B, (combination of pengaronan (boiling) and steaming) 64.13 b

B; (using rice cooker) 66.82 c
Table5. HSD test of cooking method influence on moistur e content of cooked rice

Moisture Content
Cooking M ethods Averages (%) HSD 5% =0.16

B, (combination of pengaronan (boiling) and steaming) 56.24 a

B3 (using rice cooker) 57.18 b

B, (liwet (traditional method)) 57.64 c
Table6. Protein content and total amino acids of Ciherang and Ciliwung varieties

Result
Parameter Ciherang Ciliwung Unit

Protein Content 10,73 8,98 Yow/w
Amino Acid
Aspartic acid 0,79 0,69 % wiw
Glutamic acid 1,68 1,49 % wiw
Serine 0,47 0,43 % wiw
Histidine 0,21 0,19 % wiw
Glycine 0,36 0,34 % wiw
Threonine 0,29 0,27 % wiw
Arginine 0,69 0,59 % wiw
Alanine 0,47 0,43 % wiw
Tyrosine 0,30 0,26 % wiw
Methionine 0,13 0,14 % wiw
Valine 0,49 0,44 % wiw
Phenylalanine 0,49 0,44 % wiw
I-leucine 0,37 0,34 % wiw
Leucine 0,72 0,64 % wiw
Lysine 0,29 0,30 % wiw
Amino Acid Total 7,75 6,98 % wiw
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The Physical and Chemical Characteristics of Cooked Rice
from Some Different Lowland Rice Varieties and Cooking Methods

Abstract : The objective of the research was to analyze the effect of different lowland rice varieties and different
cooking methods on physical and chemical properties of cooked rice. The research used a factorial Randomized
Block Design with two factors and each combination of the factors was repeated three times. The first factor was
rice variety (A;: Ciherang variety, A,: Ciliwung variety) and the second factor was the cooking method (B;:
stovetop, B,: boiled and steamed, Bs: rice cooker). Milled rice of Ciherang variety had the ratio between length
and width was 3.44, lightness of 65.97%, chroma of 12.03%, hue of 69.37°, moisture content of 12.27%, amylose
content of 22.64%, protein content of 10.73%, total amino acid of 7.75%. Milled rice of Ciliwung variety had the
ratio between length and width was 3.21, lightness of 67.93%, chroma of 12.00%, hue of 65.70°, moisture content
of 12.22%, amylose content of 18.85%, protein content of 8.98%, total amino acid of 6.98%. Results showed that
the lightness of cooked rice was in the range of 73.07% to 76.20%, chroma of 5.63% to 7.10%, hue of 62.43° to
68.20° and texture of 25.70 gf to 33.00 ¢f. Statistical analysis showed that cooking method had significant effects
on texture, lightness, chroma, hue and moisture content of cooked rice.

Key words : cooking method; cooked rice; lowland rice varieties

Rice is one of the important commodity results in rice farming systems in lowland swamp. Lowland swamp land
that had been cultivated for rice farming with cropping patterns once a year was 91%, while for rice farming with
cropping twice ayear was only 9% (Sudana, 2005). The varieties of rice grown in lowland swamp land consisted
of various varieties namely Ciherang, Ciliwung, Mekongga, IR 10, IR 42, IR 64, Ciherang Dempo, Ciliwung
Jumbo, and Rojo Lele (Syafutri, 2015). Ciherang and Ciliwung wer e severa varieties widely grown by farmers
in lowland swamp land. The difference of rice varieties affected the characteristics of cooked rice. According to
Yadav et a. (2007), different rice varieties had significant effects on the physicochemical properties, morphology,
and cooking properties, but Putri (2012) stated that the starch contents of rice were still the same ie more than
80%. Cooking method also affected the characteristics of cooked rice. According to Han et a. (2008), different
cooking method affected the hydrolysis of starch rice. Cooking the raw rice into the cooked rice can be done in
various ways. Indonesian people use two ways to cook rice namely conventional and modern way. The
conventional ways consist of liwet method (using stovetop) and combination of boiled and steamed method.
The modern way is electric method (using rice cooker). Each cooking method uses different heat and time of
cooking. The objective of this study was to analyze the effect of different lowland rice varieties and different
cooking methods on physical and chemical of cooked rice.

MATERIALS AND METHODS
Rice Materials

The rice used in this study derived from lowland swamp land at East OKU, South Sumatera, Indonesia. The
varieties of rice were Ciherang and Ciliwung.

M ethods

This study used Factoria Randomized Block Design with two treatment factors and repeated three times. The
treatment factors were rice variety (A) and the cooking method (B). The first factor consisted of two levels :
Ciherang (A1) and Ciliwung (A,), where as the second factor consisted of three levels : liwet method (using
stovetop) (B1), combination of boiled and steamed (B.), and rice cooker (B3). The data obtained performed using
analysis of variance (ANOVA) 5% and HSD test. The parameters of this study were physical and chemical
characteristics on milled rice and cooked rice. The physical characteristics of milled rice included dimension of
rice and color, where as the chemical characteristics of milled rice included moisture content, amylose content,
protein content and total amino acids. The physical characteristics of cooked rice were color and texture, while the
chemical characteristic was moisture content.

Liwet Method (Using Sovetop)
The procedurs of liwet method (Deliani, 2004) which has been modified were : first, milled rice with whole
grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water (2 times) and drained
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for 2 minutes, then put in aregular pot or pan pot. Next step, water (150 mL) was added to the pot containing.
Fourth, the rice cooked in a covered pot until boiling. Then, stirring done 10 times after boiling water (100°C).
Sixth, if the water was up, stirred again (stirring the latter performed 5 times and the pot sealed while the fire
diminished. Last, the cooking times of liwet method were 10 minutes.

Combination of Boiled and Steamed Method

The procedurs of boiled and steamed combination method (Deliani, 2004) which has been modified were : first,
milled rice with whole grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water
(2 times) and drained for 2 minutes, then put in aregular pot or pan pot. Third, water (150 mL) was added to the
pot containing. Next, the rice cooked in a covered pot to a boil for 5 minutes, then reduced the heat (during
heating stirring 15 times until becoming rice (water absorbed by rice). Fifth, stirring done 10 times after boiling
water (100°C) to become rice (water absorbed by rice). Then, rice stirred and moved to the steamer containing
boiled water, then waited for 5 minutes.

Rice Cooker Method

The procedurs of modern cooking method (rice cooker) (Sutarjana, 2009) which has been modified were : first,
milled rice with whole grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water
(2 times) and drained for 2 minutes and put in an aluminum pan on the rice cooker. Then, water (150 mL) was
added. Fourth, thermostat clicked and light "cooking" light up on the rice cooker to cook the raw rice into the
cooked rice. Finaly, the thermostat button automatically moved from the position of the light "cooking” to the
position of the lights "warmer" that shows rice cooked.

Dimention of rice

Rice dimensions included length and width. It was measured with calipers. Whole rice intact (10 seeds)
taken from each variety. Length and width of rice seeds measured with calipers. The average values of
length and width wer e taken.

Texture

Texture of rice was measured with “Brookfield” texture analyzer (Faridah et al, 2006). Brook (cylindrical type)
mounted just above the sample. The needle was attached to the tip of the sample. Brooke (blade type) was
pressing right in the middle of the sample. Then, on display listed humber of peak load and final load (gram
force).

Color

Analysis of color was measured with “Konica Minolta” Chromameter. Chromameter turned on and the
button was activated to select and determine the values and numbers that be used. The values that be used
were Lightness (L), Chroma (C) and Hue (H). Samples of rice were placed under the lens of Chromameter
and numbersof L (%), C (%), and H (°) will be shown (Munsell, 1997).

Chemical Characteristics

The chemical characteristics included moisture content, amylose content, protein content and total amino acids.
Moisture content, amylose content, protein content and total amino acids were determined with method of AOAC
(2006).

RESULTS
Dimention of Rice
Variety of lowland swamp rice used for this study were Ciherang and Ciliwung. Dimention averages of Ciherang
and Ciliwung varieties included length and width. Rice of Ciherang variety had length of 7.01 mm and width of

2.04 mm. Rice of Ciliwung variety had length of 6.75 mm and width of 2.10 mm. The ratio between length and
width of Ciherang variety was 3.44, while the ratio between length and width of Ciliwung variety ratio was 3.21.
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Texture

Texture indicated as hardness of rice that cooked with some cooking methods. Physically, hardness of rice
defined as rice ability to accept certein load in certain time. Analysis of texture could determine hardness and
tenderness of rice. Based on this study, texture averages of cooked rice were 25.70 to 33.00 ¢gf (Fig. 1). The
analysis of variance showed that cooking method had significant effect on texture of cooked rice (Table 1), while
variety of rice and interaction between cooking method and variety of rice had no significant effect on texture of
cooked rice. The cooked rice that had high texture value was harder than cooked rice that had low texture value.

Color

Color analysis conducted on milled rice and cooked rice with attribute L (lightness), C (chroma) and H (hue). The
maximum value of lightness was 100% that showed very white. The lightness value of Ciherang variety was
65.97%, while the lightness value of Ciliwung variety was 67.93% .

The lightness value of cooked rice with different varieties and cooking methods ranged from 73.07 to 76.20 %
(Fig. 2). The highest lightness value (76.20 %) found in rice with A,B3 treatment (Ciliwung variety and cooking
methods using the rice cooker), while the lowest lightness value (73.07 %) found in rice with A;B; treatment
(Ciherang variety and liwet methods). The high lightness value of rice indicated that the color of rice was brighter.
The analysis of variance showed that cooking method had significant effect on lightness of cooked rice (Table 2),
while variety of rice and interaction between cooking method and variety of rice had no significant effect on
lightness of cooked rice.

The chroma value of Ciherang variety was 12.03%, while the chroma value of Ciliwung variety was 12.00%. The
chroma value of cooked rice with different varieties and cooking methods ranged from 5.63 to 7.10% (Fig. 3).
The highest chroma value (7.10 %) found in rice with A,B; treatment (Ciherang variety and liwet method), while
the lowest chroma value (5.63 %) found in rice with A ;B3 treatment (Ciliwung varietiy and cooking method using
the rice cooker). The analysis of variance showed that cooking method had significant effect on chroma of cooked
rice (Table 3), while variety of rice and interaction between cooking method and variety of rice had no significant
effect on chroma.

The hue value of Ciherang variety was 69.37°, while the hue value of Ciliwung variety was 65.70°. The hue value
of parboiled rice with different varieties and cooking methods ranged from 62.43 to 68.20° (Fig. 4). The highest
hue value (68.20°) found in rice with A,B; treatment (Ciliwung variety and cooking method using the rice
cooker), while the lowest hue value (62.43° found in rice with A;B; treatment (Ciherang variety and liwet
method). The analysis of variance showed that cooking method had significant effect on hue of cooked rice
(Table 4), while variety of rice and interaction between cooking method and variety of rice had no significant
effect on hue of cooked rice. According to hue value, Ciherang and Ciliwung varieties with different cooking
method had yellow-red (YR) color.

M oistur e Content

The moisture content was measured in milled rice and cooked rice. The moisture content averages of Ciherang
variety was 12.27%, while the moisture content averages of Ciliwung variety was 12.22%. The moisture content
of cooked rice with different varieties and cooking methods ranged from 56.01 to 57.68% (Fig. 5). The highest
moisture content value (57.68%) found in rice with A,B; treatment (Ciliwung variety and liwet method), while the
lowest moisture content value (56.01%) found in rice with A;B, treatment (Ciherang variety and combination of
boiling and steaming method). The analysis of variance showed that cooking method had significant effect on
moisture content of cooked rice (Table 5), while variety of rice and interaction between cooking method and
variety of rice had no significant effect on moisture content of cooked rice.

Amylose Content

Amylose content measured in milled rice of Ciherang and Ciliwung varieties. Determination of amylose content
was begun with the manufacture of standard curve. The resulting regression equation was 'y = 0,0217x - 0.0161.
The average value of amylose content with treatment A; (Ciherang variety) was 22.64%, while the average value
of amylose content with treatment A, (Ciliwung variety) was 18.85%.
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Protein Content and Total Amino Acid

The result showed that protein content and total amino acids of Ciherang variety were 10.73% and 7.75%
respectively, while protein content and total amino acids of Ciliwung variety were 8.98% and 6,98% respectively
(Table 6). Total amino acids that be observed consisted of 10 types of essential amino acids and 5 types of non-
essential amino acids. The most abundant amino acids contained in Ciherang and Ciliwung varieties namely
glutamic acid (non-essential amino acids) of 1.68% and 1.49% respectively.

DISCUSSION

Dimention of rice included length, width, and ratio between length and width. The result showed that length of
Ciherang and Ciliwung varieties categorized as long grain rice. It was consistent with research of Setyono and
Wibowo (2008) which stated that a length of rice 6.6 to 7.5 mm classified as long grain rice. Based on the ratio
between length and width, Ciherang and Ciliwung varieties were classified into long grain rice type and rice
shape slender (ratio L/'W > 3,0) (Slaton et al, 2000 ; Setyono and Wibowo, 2008). The slender rice was more
preferable by consumers.

Texture value indicated as hardness of cooked rice. The result of this study showed that cooking method had
significant effect on texture of cooked rice. Kim et al. (1987) and Daomukda et a. (2011) stated that cooking
methods affected texture of rice. The rice that cooked with liwet method had low texture value. It caused the
texture of cooked rice was softer than the other methods. During cooking process with liwet method, rice
absor bed water and starch granules in rice would swell. Cooking process with liwet method performed heating
temperature setting. The heating temperature setting included the big fire which used to speed up the process of
heating water reaching the boiling point temperature of water (100 °C), moderate heat to ripen the rice, and a
small fire to prevent the formation of athick crust. Setting the heating temperature ranged from the boiling water
and rice until the rice maturation. Setting the temperature during liwet methods caused heat exposure on rice
longer than combination of boiling and steaming method and modern method using a rice cooker. Exposure to
prolonged heat caused the texture of rice was softer. It was consistent with research of Kim et al. (1987) which
stated that cooking method of rice with soaking in boiling water had less hard and more cohesive texture than
electric cooking. Cooking rice with combination of boiled and steamed method had the highest value of texture,
so the rice produced had a harder texture than the rice produced using liwet method and modern method (using the
rice cooker). Cooking rice with combination of boiled and steamed method had the highest average value of
texture because at the time after water boiled at 100 °C, the water absorbed into the rice and then the fire was
turned off. Furthermore, the rice cooled and occured re-arrangement of amylose that leads to retrogradation
process before entering the stage steaming, so the texture of rice produced was louder. According to Winarno
(2004), retrogradation is a re-crystallization process of starch which has undergone gelatinization. One of the
factors that affect the texture of rice is geatinization process. Rice to become cooked rice must undergo
gelatinization (Marshall, 1994). Gelatinization process occured during the warm rice in water until it became
cooked rice. Gelatinization temperature affected the ripening time. Rice that had a high gelatinization temperature
needed alonger cooking time than rice that had a low gelatinization temperature.

Color analysis conducted on milled rice and cooked rice with attribute L (lightness), C (chroma) and H (hue).
Lightness value indicates the brightness or darkness of a color (Winarno, 2004). The high lightness value of rice
indicated that the color of rice was brighter. Lightness value of cooked rice affected by temperature and cooking
time for each cooking method. The rice cooked using liwet methods was the lowest. Cooking process with liwet
method performed heating temperature setting manually, which caused heat exposure on rice longer than other
methods. It caused the time of cooking rice was longer. The heating time on the rice will caused a browning
reaction between carbohydrates and protein, and produced darker rice (yellow-red). It indicated by low value of
lightness. The rice cooked using rice cooker had the lowest value of chroma. The chroma values affected by
temperature and cooking time for each cooking method. The process of cooking rice using a rice cooker required
a shorter time than the other methods, so the heating process during cooking was faster. Accelerated warming
process would minimize the risk of browning reaction (Maillard) on rice, so that rice produced had a weak color
indicated by lower chroma values. Browning reaction (Maillard) caused higher chromavalues onrice. According
to hue value, Ciherang and Ciliwung varieties with different cooking method had yellow-red (YR) color.
Formation of colors on rice affected by heating process during cooking rice. According to Wahyudi (2005), during
the heating process occurs reaction between the protein and reducing sugar. It cause the formation of
glycocylamin. Glycocylamin suffered polymerase to form melanoidin which causes color changes of rice to
yellow red (Maillard reaction).
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The moisture content was measured in milled rice and cooked rice. Water is one of the important elements in food
stuffs. According to Sudarmadiji et al. (2007), the moisture content is the amount of water contained in food,
included free water and water bound physically and chemically. According to Badan Standarisasi Nasiona
(1999), maximum moisture content is 14% of milled rice. The moisture content of Ciherang and Ciliwung
varieties according to the moisture content determined by SNI 01-6128-1999. The result of moisture content
analysis also showed that cooking rice with liwet method had the highest moisture content, so the texture rice
softer than the other methods. It occured because rice longer exposure to heat. In addition, water trapped in the
pan could be absorbed back into the rice during the resting time after the fire turned off, so it affected the moisture
content of the rice. The result also showed that the moisture content of rice that cooked with rice cooker was
higher than rice that cooked with boiling and steaming combination. It was consistent with research of
Daomukda et al. (2011) which stated that the moisture content of brown rice that cooked with electric cooking
method was higher than steaming method.

Amylose content is one of the important criteria in the classification system of rice. The amylose content of
Ciherang variety classified as moderate, while the amylose content with of Ciliwung variety classified as low.
According to Allidawati and Bambang (1989), based on the amylose level, rice grouped into very low of amylose
(<10%), low (10 to 20%), moderate (20 to 24%) and high (> 25%). Higher amylose content in rice increased the
occurrence of rearrangement of amylose after experiencing gelatinisasi leading to retrogradation process. Rice that
had high amylose would produce not sticky rice, could expand and became hard if it was cold. Moderate amylose
rice had fluffier texture generally. Low amylose rice produced sticky rice, shiny, not expand, and still coagulate
after a cold when cooked (Damardjati, 1995 in Indrasari et a., 2009).

The protein content of Ciherang and Ciliwung varieties were 10.73% and 8.98%, while total amino acids of
Ciherang and Ciliwung varieties were 6,98% and 7.75% respectively. The most abundant amino acids contained
in Ciherang and Ciliwung varieties namely glutamic acid (non-essential amino acids). According to the Nutrition
Directorate of the Ministry of Health (1996), the protein content of rice per 100 grams was 7.6%. According to
Haryadi et al. (2008) in Larasati (2012), protein content of rice was 7.3 to 10.2% and a maximum of 14%.
According to Haryadi (2008), the rice contains higher protein needed more water and a longer cooking time. This
related to the structure of the seed. The starch granules enclosed in a protein, so the absorption of water blocked
by protein. It caused the time of cooking islonger.

CONCLUSION

Ciherang variety had a length and width ratio of 3.44, lightness of 65.97%, chroma of 12.03%, hue of 69,37°,
moisture content of 12.27%, amylose content of 22.64%, protein content of 10.73%, and total amino acids of
7.75%. Ciliwung variety had a length and width ratio of 3.21, lightness of 67.93%, chroma of 12.00%, hue of
65,70°, moisture content of 12.22%, amylose content of 18.85%, protein content of 8.98%, and total amino acids
of 6.98%. The method of cooking had significant effects on texture (hardness), color (lightness, chroma, hue),
and moisture content of the cooked rice.
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471 Table 1. HSD test of cooking method influence on texture of cooked rice
Cooking Methods Texture Averages (gf) HSD 5% = 0.58
B (liwet (traditional method)) 26.70 a
B3 (using rice cooker) 27.37 b
B, (combination of boiled and steamed) 32.68 c
472
473 Table 2. HSD test of cooking method influence on lightness of cooked rice
Cooking Methods Lightness Averages (%) HSD 5% = 0.58
B (liwet (traditional method)) 73.80 a
B, (combination of boiled and steamed) 75.07 b
B3 (using rice cooker) 75.88 c
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475 Table 3. HSD test of cooking method influence on chroma of cooked rice

Cooking Methods Chroma Averages (%) HSD 5% =0.21
B3 (using rice cooker) 5.68 a
B, (combination of boiled and steamed) 6.25 b
B; (liwet (traditional method)) 6.90 c
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Table4. HSD test of cooking method influence on hue of cooked rice

Cooking Methods Hue Averages (°) HSD 5% = 1.00

B (liwet (traditional method)) 62.70 a

B, (combination of boiled and steamed) 64.13 b

B3 (using rice cooker) 66.82 c
Table5. HSD test of cooking method influence on moistur e content of cooked rice

Moisture Content
Cooking Methods Averages (%) HSD 5% =0.16

B, (combination of boiled and steamed) 56.24 a

B3 (using rice cooker) 57.18 b

B; (liwet (traditional method)) 57.64 c
Table6. Protein content and total amino acids of Ciherang and Ciliwung varieties

Result
Parameter Ciherang Ciliwung Unit

Protein Content 10,73 8,98 Yow/w
Amino Acid
Aspartic acid 0,79 0,69 % wiw
Glutamic acid 1,68 1,49 % wiw
Serine 0,47 0,43 % wiw
Histidine 0,21 0,19 % wiw
Glycine 0,36 0,34 % wiw
Threonine 0,29 0,27 % wiw
Arginine 0,69 0,59 % wiw
Alanine 0,47 0,43 % wiw
Tyrosine 0,30 0,26 % wiw
Methionine 0,13 0,14 % wiw
Valine 0,49 0,44 % wiw
Phenylalanine 0,49 0,44 % wiw
I-leucine 0,37 0,34 % wiw
Leucine 0,72 0,64 % wiw
Lysine 0,29 0,30 % wiw
Amino Acid Total 7,75 6,98 % wiw
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Effects of Varieties and Cooking Methods on Physical and
Chemical Characteristics of Cooked Rice

Merynda Indriyani SYAFUTRI, Filli PRATAMA, Friska SyAlFuL, Achmad FAIZAL
(Department of Agricultural Technology, Faculty of Agriculture, Universitas Sriwijaya Jalan Raya Palembang-Prabumulih KM 32,

Indralaya 30662, Ogan Ilir, South Sumatera, Indonesia)

Abstract: To analyze the effect of different lowland rice varieties and different cooking methods on physical
and chemical characteristics of cooked rice. A factorial randomized block design with two factors was used
and each combination of the factors was repeated three times. The first factor was rice variety (Ciherang and
Ciliwung) and the second factor was the cooking method (stovetop, boiling and steaming, and rice cooker).
Results showed that Ciherang and Ciliwung varieties were classified into slender grain rice type with yellow-
red color. The amylose content of Ciherang was classified as moderate, while the amylose content of
Ciliwung classified as low. The most abundant amino acid contained in Ciherang and Ciliwung varieties was
glutamic acid. Statistical analysis showed that cooking method had significant effects on texture, lightness,
chroma, hue and moisture content of cooked rice. Rice cooked with liwet method had the lowest texture
value, lowest lightness value, highest chroma value, and highest moisture content.

Key words: physical and chemical characteristic; cooking method; rice; variety; amino acid

Rice was one of the most important commodity results in
farming systems in the lowland swamp of Indonesia. Lowland
swamp land cultivated for rice farming with cropping pattern
once a year was 91%, while for rice farming with cropping
pattern twice a year was only about 9% (Sudana, 2005).
Various rice varieties namely Ciherang, Ciliwung, Mekongga,
IR10, IR42, IR64, Ciherang Dempo, Ciliwung Jumbo and Rojo
Lele were grown in lowland swamp area (Syafutri, 2015).
Ciherang and Ciliwung were varieties widely grown by farmers
in lowland swamp land. The difference of rice varieties would
affect the characteristics of cooked rice produced. According to
Yadav et a (2007), different rice varieties showed significant
effects on the physicochemical properties, morphology and
cooking properties, but Putri (2012) stated that the starch
content of rice was till the same, ie more than 80%. Cooking
method also affected the characteristics of cooked rice.
According to Han et al (2008), different cooking method would
affect the hydrolysis of starch rice. Cooking the raw rice into
the cooked rice could be done in various ways. Indonesian
people used two ways to cook rice namely conventional and
modern ways. The conventional way consisted of liwet method
using stovetop, and combination of boiling and steaming
method. The modern way was cooking rice using electric rice

Received: 17 November 2015; Accepted: 5 May 2016

cooker. Each cooking method used different heat and cooking
time. The objective of this study was to analyze the effect of
different lowland rice varieties and different cooking methods
on physical and chemical characteristics of cooked rice.

MATERIALS AND METHODS

Rice materials

Rice varieties Ciherang and Ciliwung were derived from
lowland swamp land a East Ogan Komering Ulu, South
Sumatera, Indonesia.

Cooking methods

Factoria randomized block design was used with two treatment
factors and three repetitions. The treatment factors were rice
variety (A) and the cooking method (B). The first factor
consisted of two levels, Ciherang (A;) and Ciliwung (A,),
whereas the second factor consisted of three levels, liwet
method using stovetop (B;), combination of boiling and
steaming (B,) and rice cooker (Bs). The data obtained were
evaluated using analysis of variance (ANOVA) and honestly
significant difference test a the 5% level. Physical and

Corresponding author: Merynda Indriyani SyArFUTRI (misyafutri @yahoo.com; misyafutri@gmail.com)
Copyright © 2016, China National Rice Research Institute. Hosting by Elsevier B V
Thisis an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Peer review under responsibility of China National Rice Research Institute

http://dx.doi.org/



chemical characteristics of milled rice and cooked rice were
studied.

Liwet method using stovetop

The procedures of liwet method (Deliani, 2004) which have
been modified were: first, milled rice with whole grains (100 g)
was cleared from foreign objects and dirt. Second, rice was
washed with clean water (2 times) and drained for 2 min, then
put in aregular pot or pan pot. Next step, water (150 mL) was
added to the pot containing. Fourth, the rice was cooked in a
covered pot until boiling. Then, stirring was aone done 10
times after water boiling (100 °C). Sixth, if the water was up,
stirred again (stirring the latter performed 5 times and the pot
sealed while the fire diminished). Last, the cooking times of
liwet method were 10 min.

Combination of boiling and steaming method

The procedures of boiling and steaming combination method
(Déliani, 2004) which have been modified were: first, milled
rice with whole grains (100 g) was cleared from foreign objects
and dirt. Second, rice was washed with clean water (2 times)
and drained for 2 min, then put in a regular pot or pan pot.
Third, water (150 mL) was added to the pot containing. Next,
the rice was cooked in a covered pot to a boil for 5 min, then
reduced the heat (during heating stirring 15 times until
becoming rice (water absorbed by rice). Fifth, stirring was done
10 times after water boiling (100 °C) to become rice (water
absorbed by rice). Then, rice was stirred and moved to the
steamer containing boiled water, then waited for 5 min.

Rice cooker method

The procedures of modern cooking method (rice cooker)
(Sutarjana, 2009) which have been modified were: first, milled
rice with whole grains (100 g) was cleared from foreign objects
and dirt. Second, rice was washed with clean water (2 times)
and drained for 2 min and put in an aluminum pan on the rice
cooker. Then, 150 mL water was added. Fourth, thermostat was
clicked and light ‘cooking’ light up on the rice cooker to cook
the raw rice into the cooked rice. Finadly, the thermostat button
will automatically moved from the position of the light
‘cooking’ to the position of the lights ‘warmer’ that shows rice
cooked.

M easurement of physical and chemical characteristics

The physical characteristics of milled rice included size
(dimentions of rice) and color, whereas the chemical
characteristics of milled rice included moisture content,
amylose content, protein content and total amino acids. The
physical characteristics of cooked rice were color and texture,
while the chemical characteristic was moisture content.

Rice dimensions including length and width were measured
using calipers. Whole rice intact (10 seeds) was taken from
each variety. Texture of rice was measured with ‘Brookfield’
texture analyzer (Faridah et al, 2006). Brook (cylindrical type)
mounted just above the sample. The needle was attached to the
tip of the sample. Speed of texture analyzer was set. Brooke
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(blade type) pressing right in the middle of the sample. Then,
on display listed number of peak load and fina load (gram
force). Anaysis of color was measured using Konica Minolta
Chromameter. Lightness (L, %), chroma (C, %) and hue (H, %)
were measured according to Anonymous (1997). Chemical
characteristics were determined using method of AOAC
(2006).

RESULTS

Dimentionsof rice

Ciherang had length of 7.01 mm and width of 2.04 mm,
whereas Ciliwung had length of 6.75 mm and width of 2.10
mm. The ratio of length and width for Ciherang was 3.44,
while that for Ciliwung was 3.21.

Texture

Texture indicated the hardness of rice. Physically, hardness of
cooked rice defined as rice ability to accept certain load in
certain time. Analysis of texture could determine hardness and
tenderness of rice. Based on this study, average textures of
cooked rice were 25.70 to 33.00 gf (Fig. 1). Anaysis of
variance showed that cooking method had significant effect on
texture of cooked rice, while rice variety and interaction
between cooking method and rice variety had no significant
effect on texture of cooked rice. The cooked rice with high
texture value was harder than that of low texture value.

Color

Color analysis was conducted on milled rice and cooked rice
with attributes of lightness, chroma and hue. The maximum
value of lightness was 100% that showed very white.

The lightness values of milled rice were 65.97% (Ciherang)
and 67.93% (Ciliwung). The lightness values of cooked rice
with different varieties and cooking methods ranged from
73.07% to 76.20% (Fig. 1). The highest lightness value
(76.20%) was found in rice with A,B3 treatment (Ciliwung
variety and cooking method using the rice cooker), while the
lowest lightness value (73.07%) was found in rice with A;B,
treatment (Ciherang variety and liwet method). The high
lightness value of rice indicated that the color of rice was
brighter. The analysis of variance showed that cooking method
had significant effect on lightness of cooked rice, while rice
variety and interaction between cooking method and rice
variety had no significant effect on lightness of cooked rice.

The chroma values of milled rice were 12.03% (Ciherang)
and 12.00% (Ciliwung). The chroma values of cooked rice with
different varieties and cooking methods ranged from 5.63% to
7.10% (Fig. 1). The highest chroma value (7.10%) was found
in rice with A;B; treatment (Ciherang variety and liwet
method), while the lowest chroma value (5.63%) was found in
rice with A,Bz treatment (Ciliwung variety and cooking
method using the rice cooker). The analysis of variance showed
that cooking method had significant effect on chroma of
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Fig. 1. Physical and chemical characteristics of cooked rice.
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A1, Ciherang; A2, Ciliwung; B1, Liwet; B2, Combination of boiling and steaming method; B3, Rice cooker.

cooked rice, while rice variety and interaction between cooking
method and rice variety had no significant effect on chroma.

The hue values of milled rice were 69.37° (Ciherang) and
65.70° (Ciliwung). The hue values of cooked rice with different
varieties and cooking methods ranged from 62.43° to 68.20°
(Fig. 1). The highest hue value (68.20°) was found in rice with
A,B; treatment (Ciliwung variety and cooking method using
the rice cooker), while the lowest hue value (62.43°) was found
in rice with A;B; treatment (Ciherang variety and liwet
method). The analysis of variance showed that cooking method
had significant effect on hue of cooked rice, while rice variety
and interaction between cooking method and rice variety had
no significant effect on hue of cooked rice. According to hue
value, Ciherang and Ciliwung varieties with different cooking
method had yellow-red (YR) color.

M oisture content

The moisture content was measured in milled rice and cooked
rice. The average moisture content of Ciherang was 12.27%,
while that of Ciliwung was 12.22%. The moisture contents of
cooked rice with different varieties and cooking methods
ranged from 56.01% to 57.68% (Fig. 1). The highest moisture
content value (57.68%) was found in rice with A,B; treatment
(Ciliwung variety and liwet method), while the lowest moisture
content (56.01%) was found in rice with A;B, treatment
(Ciherang variety and combination of boiling and steaming
method). The analysis of variance showed that cooking method
had significant effect on moisture content of cooked rice, while
rice variety and interaction between cooking method and rice
variety had no significant effect on moisture content of cooked

rice.
Amylose content

Determination of amylose content was started with the making
of standard curve, where the resulting regression equation was
y = 0.0217x — 0.0161. The average value of amylose content
with treatment A; (Ciherang) was 22.64%, while the average
value of amylose content with treatment A, (Ciliwung) was
18.85%.

Protein content and total amino acid

Protein content and total amino acids of Ciherang were 10.73%
and 7.75%, respectively, while protein content and total amino
acids of Ciliwung were 8.98% and 6.98%, respectively (Table
1). Total amino acids were observed consisting of 10 essential
amino acids and 5 non-essential amino acids. The most
abundant amino acids contained in Ciherang and Ciliwung,
namely glutamic acid (non-essential amino acids), were 1.68%
and 1.49%, respectively.

DISCUSSION

According to Setyono and Wibowo (2008), a length of 6.6 to
7.5 mm was classified as long grain rice. Based on the ratio
between length and width, Ciherang and Ciliwung were
included into long grain rice type and rice shape slender (ratio
of length and width > 3.0) (Slaton et al, 2000; Setyono and
Wibowo, 2008). The slender rice was more preferable by
consumers.

Rice cooked with liwet method had low texture value. It



Table 1. Protein and total amino acid contents of Ciherang and
Ciliwung varieties.

Component Ciherang Ciliwung
Protein 10.73 8.98
Total amino acid 7.75 6.98

Aspartic acid 0.79 0.69

Glutamic acid 1.68 1.49

Serine 0.47 0.43

Histidine 021 0.19

Glycine 0.36 0.34

Threonine 0.29 0.27

Arginine 0.69 0.59

Alanine 0.47 0.43

Tyrosine 0.30 0.26

Methionine 0.13 0.14

Valine 0.49 0.44

Phenylalanine 0.49 0.44

I-leucine 0.37 0.34

Leucine 0.72 0.64

Lysine 0.29 0.30

caused the texture of cooked rice softer than the other methods.
During cooking process with liwet method, rice absorbed water
and starch granules would swell. Cooking process with liwet
method performed heating temperature setting. The heating
temperature setting included the big fire which used to
accelerate the process of heating water reaching the boiling
point temperature of water (100 °C), moderate heat to ripen the
rice, and a small fire to prevent the formation of a thick crust.
Heating temperature setting was done from the boiling water
and rice to the rice maturation. Setting the temperature during
liwet methods caused heat exposure on rice longer than the
other two methods. Exposure to prolonged heat caused the
texture of rice softer. Cooking rice with combination of boiling
and steaming method had the highest value of texture, so the
rice produced had a harder texture than the other two methods.
Cooking rice with combination of boiling and steaming method
had the highest average value of texture because at the time
after water boiled at 100 °C, the water was absorbed into the
rice and then the fire was turned off. Furthermore, the rice
cooled and occured re-arrangement of amylose that leads to
retrogradation process before entering the stage steaming, so
the texture of rice produced was louder. According to Winarno
(2004), retrogradation was a re-crystallization process of starch
which had undergone gelatinization. One of the factors that
affect the texture of rice was gelatinization process, which was
necessary for cooked rice (Marshall, 1994). Gelatinization
process occured during the rice heating in water until it became
cooked rice. Gelatinization temperature affected the ripening
time. Rice with a high gelatinization temperature needed a
longer cooking time than rice with a low gelatinization
temperature.

Lightness indicated the brightness or darkness of a color
(Winarno, 2004). High lightness value of rice indicated that the
color of rice was brighter. Lightness value of cooked rice was
affected by cooking temperature and time. The rice cooked
using liwet method had the lowest lightness value. Cooking
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process with liwet method performed heating temperature
setting manually, which caused heat exposure on rice longer
than other methods. This heating process caused a browning
reaction between carbohydrates and protein, and produced
darker rice (yellow-red), indicated by low value of lightness.
The rice cooked using rice cooker had the lowest value of
chroma. The chroma values were affected by temperature and
cooking time for each cooking method. The cooking process
using a rice cooker required shorter time than the other
methods, so the heating process for cooker was faster.
Accelerated warming process would minimize the risk of
browning reaction (Maillard) on rice, so that rice produced had
a weak color indicated by lower chroma values. Browning
reaction (Maillard) caused higher chroma values on rice.
According to hue value, Ciherang and Ciliwung had yellow-red
color. Formation of colors on rice was affected by heating
process. During the heating process, reaction between the
protein and reducing sugar occured, and it caused the formation
of glycocylamine. Glycocylamine suffered polymerase to form
melanoidin which caused color changes of rice to yellow red
(Maillard reaction) (Wahyudi, 2005).

Water was one of the important elements in food stuffs.
According to Sudarmadiji et a (2007), the moisture content was
the amount of water contained in food, including free water and
water bound physicadly and chemicaly. According to
Anonymous (1999), the maximum moisture content of milled
rice was 14%. Cooking rice with liwet method had the highest
moisture content, because of longer rice exposure to heat so the
texture was softer than that of the other methods. In addition,
water trapped in the pan could be absorbed back into the rice
during the resting time after the fire turned off, so it affected
the moisture content of therice.

Amylose content was one of the important criteria in the
classification system of rice. The amylose content of Ciherang
was classified as moderate, while the amylose content of
Ciliwung classified as low. According to Allidawati and
Bambang (1989), based on the amylose levd, rice was grouped
into very low amylose (< 10%), low (10% to 20%), moderate
(20% to 24%) and high (> 25%). Higher amylose content in
rice increased the occurrence of rearrangement of amylose after
experiencing gelatinization leading to retrogradation process.
Rice with high amylose would produce no sticky rice, could
expand and became hard when it was cold. Moderate amylose
rice had fluffier texture generally. Low amylose rice produced
sticky rice, shiny, not expand, and still coagulate after cold
(Damardjati, 1995; Indrasari et al, 2009).

Protein content of Ciherang and Ciliwung were 10.73% and
8.98%, while total amino acids of Ciherang and Ciliwung were
6.98% and 7.75%, respectively. The most abundant amino acid
in Ciherang and Ciliwung was glutamic acid (non-essential
amino acids). According to the Nutrition Directorate of the
Ministry of Health (1996), the protein content of rice was 7.6%.
According to Haryadi et a (2008) and Larasati (2012), protein
contents of rice ranged from 7.3% to 10.2% and a maximum of
14.0%. According to Haryadi (2008), the rice containing higher
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protein needed more water and a longer cooking time. This
related to the structure of rice grains. The starch granules
enclosed in a protein, so the absorption of water was blocked
by protein, which resulted in alonger time of cooking.

CONCLUSION

Ciherang had a length and width ratio of 3.44, lightness of
65.97%, chroma of 12.03%, hue of 69.37°, moisture content of
12.27%, amylose content of 22.64%, protein content of
10.73%, and total amino acid of 7.75%. Ciliwung had a length
and width ratio of 3.21, lightness of 67.93%, chroma of
12.00%, hue of 65.70°, moisture content of 12.22%, amylose
content of 18.85%, protein content of 8.98%, and total amino
acid of 6.98%. Cooking method had significant effects on
texture (hardness), color (lightness, chroma and hue) and
moisture content of the cooked rice.

ACKNOWLEDGEMENTS

This research was supported by Internationa Rice Research
Ingtitute (IRRI), and Research Center of Sub-Optimal Land
(PUR-PLSO) Universitas Sriwijaya.

REFERENCES

Allidawati, Bambang K. 1989. Quality Test Method of Rice in
Rice Breeding Program. Bogor, Indonesia: Center for Food
Crops Research and Devel opment: 363-375.

Anonymous. 1997. Munsell Colour Chart of Tissue. Maryland:
Baltimore.

Anonymous. 1999. Quality Standards and Test Methods for Milled
Rice (SNI 01-6128-1999). Jakarta, Indonesiaz National
Standardization Agency.

AOAC. 2006. Official Methods of Analysis. Washington DC, USA:

Association of Official Analytycal Chemistry.

Damardjati D S, Purwani E Y. 1991. Quality of Rice. Sukamandi,
Indonesia: Crops Research Institute for Food, 4(4): 85-94.

Déeliani L. 2004. Studying the Effect of Several Rice Varieties
Storage with Different Levels of Sticky on Parboiling Quality.
Bogor, Indonesia: Faculty of Agricultural Technology, Bogor
Agricultural University.

Faridah D N, Kusumaningrum H D, Wulandari N, Indrasti D.
2006. Analysis Laboratory. Bogor, Indonesia: Department of
Science and Technology, Bogor Agricultural University.

Han S H, Lee SW, Rhee C. 2008. Effects of cooking methods on
starch hydrolysis kinetics and digestion-resistant fractions of rice
and soybean. Eur J Food Res Technol, 227(5): 1315-1321.

Haryadi. 2008. Rice Processng Technology. Yogyakarta,
Indonesia: Gadjah Mada University Press.

Indrasari S D, Purwani E Y, Widowati S, Damardjati D S. 2009.
The enhancement of value added of rice through physical
quality, taste and nutrition. Sukamandi, Indonesiaz Rice
Research Institute.

Larasati S P. 2012. The properties of physicochemical and
organoleptic characteristics of severa rice varieties. Bogor,
Indonesia Department of Community Nutrition, Faculty of
Human Ecology, Bogor Agricultural University.

Marshall W E. 1994. Starch Gelatinization in Brown and Miled
Rice: A Study Using Differential Scanning Calorimetry. In:
Marshall W E, Wadsworth J I. Rice Science and Technology.
United States Department of Agriculture, New Orleans. 205—
225,

Nutrition Directorate of the Ministry of Health. 1996. List of Food
Composition. Jakarta, Indonesia: Bhratara Niaga Media Press.
Putri A S. 2012. Physical, chemical and sensory characteristics of
rice retrogradation. Indralaya, Indonesiaz Study Program of
Agricultural  Technology. Department of  Agricultural

Technology, Faculty of Agriculture, Universitas Sriwijaya.

Setyono A, Wibowo P. 2008. Selection of quality rice relationship
with the characteristics of several strains of inbred and hybrid
rice. Nat Sem Rice: 1525-1534.

Slaton N, Blocker M, Wilson C, Dilday R, Robinson J, Koen B.
2000. Grain Characteristics of Rice Varieties. Arkansas, USA:
Department of Agriculture and County Govemments
Cooperating, University of Arkansas Division of Agriculture.

Sudana W. 2005. Potential and prospect of wetlands as a source of
agricultural production. Agric Policy Anal, 3(2): 141-151.

Sudarmadji S, dan Suhardi B H. 2007. Analysis Procedures for
Foodstuff and Agriculture. Y ogyakarta, Indonesia: Liberty Press.

Sutarjana J. 2009. Heritage Culinary Mistress of the House: 1200
Legendary Recipes and Snacks. Jakarta, Indonesiaz Gramedia
Pustaka Utama Press.

Syafutri M |. 2015. Characteristics of Swamp Rice in South
Sumatera, Indonesia Indralaya, Indonesiaz  Universitas
Sriwijaya.

Wahyudi T. 2005. Assessment of Physical, Chemical and
Organoleptic Quality of Rice with Several Rice Varieties.
Indralaya, Indonesiaz Department of Agricultural Technology
Faculty of Agriculture, Universitas Sriwijaya.

Winarno F G. 2004. Food Chemistry and Nutrition. Jakarta,
Indonesia: Gramedia Pustaka Utama Press.

Yadav R B, Khatkar B S, Yadav B S. 2007. Morphological,
physicochemical and cooking properties of some Indian rice
(Oryza sativa L.) cultivars. J Agric Technol, 3(2): 203-210.

(Managing Editor: FANG Hongmin)



