IN VITRO “RAPIDLY AVAILABLE GLUCOSE (RAG)” VALUE
USE AS AN INDICATOR FOR GLUCOSE RESPONSE AFTER
DIGESTION OF THAI RICE AND RICE PRODUCTS

NARUMOL RATANAKONPUN

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR
THE DEGREE OF MASTER OF SCIENCE (NUTRITION)
FACULTY OF GRADUATE STUDIES
MAHIDOL UNIVERSITY
2007

COPYRIGHT OF MAHIDOL UNIVERSITY



Fac. of Grad. Studies, Mahidol Univ. Thesis / vV

msl¥a1 RAPIDLY AVAILABLE GLUCOSE silugxiiafansaeuauososzdumimafilasumlasluduag
WA UM EIDINNII0Y (IN VITRO “RAPIDLY AVAILABLE GLUCOSE (RAG)” VALUE USE AS AN
INDICATOR FOR GLUCOSE RESPONSE AFTER DIGESTION OF THAI RICE AND RICE PRODUCTS)
ugua Saunsiug 4737733 RANU/M

m.u. (Tnsumans)

AUZNTINAMIMIUANINGIINUT, $%il asamenres, Ph.D. (FOOD SCIENCE AND TECHNOLOGY), Sy n3afs
, M.Sc. (NUTRITION AND DIETETICS)
UNANGD

dasimsdesuazmagaduessmnnuiluiiuilifoddydoquamvedusian Tasmmizdihonnuu Garfu
“mqﬂi:mﬂ’mn‘lumiﬁﬂym'iﬂﬂfﬁamﬁnﬂﬁa‘uﬂam“l%’"lﬁ'maﬁ%mimﬁmmﬁEiaﬂuﬁuﬂuﬁmmiuwaawmm Tae3s
rapidly available glucose (RAG) uaz slowly available glucose (SAG) Fuiluasfamsaisziiu glycemic
index (GI) n3e glycemic load (GL)lushed1somisyiianie 1a '3@1qﬂ:i$mﬁﬁaaazﬁaﬁ’ﬂﬂiama:ﬂimﬁuﬁufﬂi’nﬁﬁ
sannsdeoufluiiimadludn 94 meiufildnnamauazmininndonsasmanidies RAG naz SAG i
e lwTaademaiinfamessua3 uazviem resistant starch (RS) Tasyanameu Sagilszasdfimwaensm
anudintusszninm RAG fiudilsznevdesauesaiTulamsaludn 16 ameiui Saguszasdianemsiann
wansasio s Tadiim RAG &1 vinutlidn uas Sanlszasdqaie Aeefnumaveamsiitusnyined RAG uazns
gousumalszamduifa 7 -20 esrnwaden iunar 3 dew

drudivilenun i RAG waz GL vewwalfifanwduiusfuedniiod sy lumauaniian r = 0.687
(p<0.01) uazet RAG #l&Tmlndifesduar GL edlsinwbinuanudiuiszuin m SAG fiu GL

druiiceanud i RAG oglugag 6.05 — 22.18 n$udel00n3y o'luTaaeqlusae 15.72 — 42.71%
uaz RS oglugae 0.02 — 2.16 nfudel00nsu drwdhamilondeuynmeiuiisn RAG g (>20 nfuael00n5u)

Ao o o o y v @ o o w a
luvazhiiar RS @wn (0.00 — 0.03 nfuael00 n3u) lumsanmiinuanuduiusediivednnlufasering

oluTaaiu RAG (-0.247, p<0.05) uazludawanszninelulaain RS (r = 0.402, p<0.01) dwsudhaiiian

=<

RAG ¢ ldun dndavounzadsun 1andes 313-19-1-1 (Ruinenlugaiou) uaz aveuuzdninmiiouda dadn
A o ) o 1 94y o 3 A v
mafioniunlduusihdaedidesmsaruguszauihamaluden 1
daufiamumun ludededn 16 meiug drumiiodiisn RAG (18.86 -27.98 g/100g) genidui
(13.53 — 17.77 g/100g) uaz ¥1da (15.27-17.77 g/100g) fim RAG ganidhndes (13.53-17.06
0/100g) sni3u Frumiisandeiug KDC18-3-7-1-11-0 #iin1 RAG 1 (15.44 g/100g) dra RS ludn
wilealisdnnn dmsuanuduiusizniie RAG f RDS way RAG #u SDI wuduiiullumsnanednidedidai
r=0.993 uaz 0.815 (p<0.01) mwérau
oAda o A o o a 2y 9. Y o ' A A o
duia maiannaasust lasmsunuiutianadoutidnindesiug 313-19-1-1 luemsine 4 silade wiu
Ty wupdlanln vuwilldouwas vazvuadasuds wonansonaunuutladin’a 70%, 50%, 65% uaz 44%
Ed '
amady wazgaslfuliane 4 siialian RAG uaz RS dndgasilndedraiiiedidg (p<0.05)
dufith awes RAG veswiiuToduuuuii 0 @euiimdnimiulofifuiing 1-3 @eueduiiivddana
anauagiimssensunlszamduianasaeigmaiusnm
P = 4 9 o 4 Ay ve o Y~ , o 4 A
aglldnlumsdnmil  Srmaemeiuginisennsiuilasunmsdandawdiiar Gl egluszaudmse
o aqa s ' v o A4 A o v JY A
FTAUNAN nazdsanszronImsdeoutlalunasanaassern iunieile lumsaansesmeiuiduazermsoun

wiofazai ldaunluauas 11

143 wih




Fac. of Grad. Studies, Mahidol Univ. Thesis / IV

IN VITRO “RAPIDLY AVAILABLE GLUCOSE (RAG)” VALUE USE AS AN INDICATOR FOR
GLUCOSE RESPONSE AFTER DIGESTION OF THAI RICE AND RICE PRODUCTS

NARUMOL RATANAKONPUN 4737733 RANU/M
M.Sc. (NUTRITION)

THESIS ADVISORS: RATCHANEE KONGKACHUICHAL, Ph.D. (FOOD SCIENCE AND
TECHNOLOGY), RIN CHAROENSIRI, M.Sc. (NUTRITION AND DIETETICS)

ABSTRACT

The rate of starch digestion and absorption seem to be important factors for the health of
consumer’s, especially in diabetes patients. Therefore, the first objective in the present study was
to validate in vitro enzymatic carbohydrate (CHO) digestion methods (rapidly available glucose
(RAG) and slowly available glucose (SAG)) and whether they can be applied to estimate the
glycemic index (GI) or glycemic load (GL) in various kinds of foods. The second objective was to
screen and evaluate ninety four varieties of rice obtained from local markets in Thailand and new
varieties (breeding lines from Kasetsart University) for low digestion CHO by in vitro RAG and
SAG methods. Amylose content was determined by using colorimetry and resistant starch (RS)
content was determined by using a RS kit. The third objective was to evaluate the correlation
between various CHO fractions with RAG values in sixteen rice varieties using an in vitro RAG
method. The fourth objective was to develop modified snack products from low RAG value rice
flour. The last objective was to evaluate storage effects using steamed buns as a model on RAG
and sensory acceptability at — 20 °C for 3 months.

Part 1. The values between RAG and GL of fruit models had a significant positive
correlation (r = 0.687 at p < 0.01), whilst SAG showed no significant correlation with GL.
Nevertherless, data of RAG values in the selected fruits of the present study were close to the GL
values in human studies.

Part I1. There was large variation of non-glutinous rice for RAG values, ranging from 6.05
to 22.18 g/100g cooked, 15.72 to 42.71% for amylose and 0.02 to 2.16 g/100g for RS contents.
Most cooked glutinous rice showed a high amount of RAG (>20g/100g), but was very low in RS
(0.00-0.03 g/100g). The data showed a significantly negative correlation between amylose and
RAG (r = -0.247, p<0.05) and a positive correlation for amylose and RS content (r = 0.402,
p<0.01). Especially, milled Hom Mali Sichompoo, brown KD-BT 313-19-1-1 (harvested in dry
season) and milled Hom Mali Thung kula Roi Et in particulars revealed low RAG levels which
might recommend them for dietary management of diabetes.

Part 111. Results of the selected sixteen rice varieties model showed that all RAG values of
cooked glutinous rice (18.86 -27.98 g/100g) were higher than non-glutinous rice (13.53 — 17.77
9/100g) and cooked polished rice (15.27-17.77 g/100g) were higher than cooked brown rice
(13.53-17.06 g/100g), except brown glutinous KDC18-3-7-1-11-0 gave a low amount of RAG
(15.44 ¢/100g). Very low RS values were observed in all glutinous rice. A significantly positive
correlation between RAG and RDS as well as RAG and SDI was observed with r = 0.993 and
0.815, respectively.

Part IV. Formulation of low RAG products by blending wheat flour with brown rice flour
(non polished rice 313-19-1-1) in steamed buns, bread sticks, red bean filled buns and bread were
replaced with 70%, 50%, 65% and 44% of rice flour, respectively. The RAG and RS values of
each modified formula were significantly lower than the control formula (p<0.05).

Part V. Although the rate of RAG values of the steamed bun model at 0 mo were
significantly lower than at 1 — 3 mo of storage, the sensory evaluation was accepted during all the
storage period.

Conclusion Analysis of data indicated that many varieties of rice and four modified snack
based flour products in this study might have a potential application as low or intermediate Gl
foods. In vitro methods were able to be used as screening tools for selecting the best varieties of
rice and foods in order to explore or apply to further human study.
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