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Determination of Carbonyl Compounds
in Boiled Rice by HPLC

Yoshihiro Hisanobu, Kazuko Nakano,
Kaori Higuchi and Shinichi Suematsu

The method for determining quantitatively carbonyl compounds such as aldehydes and ketones
in boiled rice in plastic container was examined using hydrazone derivatization by 2,4-
dinitrophenylhydrazine and HPLC.

1. The extraction of the carbonyl compounds in boiled rice was simplified and quickened by
using the ethyl alcohol with the easy deproteinization.

2. The rate of extraction reached the maximum value by stirring sample and ethy! alcohol
mixture for 30 minutes, after homogenization was done twice.

3. Reaction of extracted carbonyl compounds with 2, 4-dinitrophenylhydrazine was necessary
for 40 minutes at 45TC.

4. The calibration curve by this method had the linearity within 0.03~4 ug/mé, and recovery rate
was 95~100%, and relative standard deviation was 1.5~4.5%.

5. As a result of measuring the commercial boiled rice in plastic container within the term of
relishment by this method, for the product in the container without the function of
antioxidation, it was considered that the sensory characteristics were slightly changed by the
increase in acetone and the off-flavor was caused by the increase in n-hexyl aldehyde.

Key words : plastic, container, antioxidation, boiled rice, carbonyl compounds, ethyl alcohol,
extraction, 2,4 -dinitrophenylhydrazin, reaction temperature, reaction time, HPLC.
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Table 1. Correlation coefficient and formula of linear regression

from calibration curves of carbonyl compounds standard
solution.

1 ) Carbonyl compounds y A pAL

RERERD, ToRKDR F Lhdm 0999997 Y= 688.591+361126%X
N g N ormaldehyde X = .

”65”WT MLEMOH Acetaldehyde 0999985 Y = -108.898+ 208337 x X

MR L —KERA ZRD T Acetone 0999996 Y= 726.179+210267 X X

(Table 1). Propionaldehyde 0.999997 Y= 699.617+221633xX
WEROERS & b M Methyl ethyl ketone  0.999992 Y= 342,03 + 91216x X

Isobutyraldehyde 0.999992 Y= 97.0097 +184920 %< X

ﬁ(imm‘mmmmwg (- Butyraldehyde)

BRI HEAEDH S 2 I sovaleraldehyde 0.99926 Y =-1534.03+156935% X

Edb, ANEZAELESHO n-Valeraldehyde 0.999934 Y =-1572.94+153833x X

EREE LTERATWSLZ n-Hexylaldehyde 0.999960 Y =-845.682+128749%x X
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A) Correlation coefficient ; B) Formula of linear regression.
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HPLC chromatgram of carbonyl standard
compounds mixture labeled using 2.4-
dinitrophenylhydrazine.

1, Formaldehyde ; 2, Acetaldehyde; 3, Acetone ;
4, Propionaldehyde ; 5, Metyl ethyl ketone ;

6. Isobutyraldehyde (n-Butyraldehyde) ;

7. lIsovaleraldehyde ; 8, n-Valeraldehyde ;

9, n-Hexylaldchyde.
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Fig.2 Effect of reaction time on the formation of
derivatives.
O, Formaldehyde ; W, Acctaldehyde ;
@, Acctonc ; O, Methyl ethyl ketone.

Table 2.Recovery of carbonyl compounds from standard
solution with various content.

SMOBENOMME, 4  Carbonyl compounds C;’;‘;emg‘s '::l;:g Recovery RSD .
(]
bbLERKEER L FF Vo {Lh -

= AL A R T AR 0.03901  0.0372 95.14 3.9
= Formaldehyde 0.3910 0.3827 97.88 2.7

g ok 7 (Table 2). 39100  3.8329 98.03 2.3
WIh OB b FIIRH 95 00402 00391  97.26 27
~101%OEHMIZH b, & Acetaldehyde 0.4024  0.4010 99.65 23
DBV & 2 EIE D2 40240 40252  100.03 1.7
BEAERL, EhnE=n 0.0400  0.0389 97.25 2.2
{LerELRMIcL FF S Acetone 0.3997 0.3947 98.75 1.5
B L rBdI: 39970  3.9899 99.82 1.1
517, #hELRR3IE 0.0402  0.0404 98.50 1.9
-3 + 45 5 , Methyl ethyl ketone  0.4019 0.4017 99.95 14
LB HMEREEZS 1. 40190  4.0225  100.09 1.1

~3.9%DHEHRIZDH - 7z,

¥, REBG6 T TOMRD

¥ Relative standard deviation (n=3).
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ERERE
IFLTNLI— N EOEMMMg:c  Fig3 Effect of extraction time on the concentration of

L p 1 e . A I carbonyl compounds extracted by ethyl alcohol
i, RS TN AL H =L fLa il at 20T from boiled rice.

NoBabiFHLTwWAEEEZ LR, K @, Acctone ; M, Acctaldehyde :
I E ORUIGEBE L Ty 2 AT A, n-Hexylaldehyde.

Extraction time(ninute)
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5.
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MRIGERE Kb s, BHEABLZLD%, HPLCETH VEZVLEhE &t L TEIE
*RKb7: (Table 3).

COBED, BREER?2 . HH, BREGEHRTTo.

WFh OS5 b ETEIR95~100%DMHEMNICH D, #£0ELRE 3 BB 5 HFHRHG %
H15~45% L REF e RTH o 7.

SOIEDNG, KMEOMBMICHC:ZF LT A I—- VRO IDRELLZLLTDH, A
KW LEWERIGBREORIEXAET A LIk vwEELON S,

INLDERPSEKBPOANFE LS OERFBEE LT, SOHPLCEIXMTHEEIC
<hAT, MfEE - Btk £etErl, BLNDETGCEIVER-ERAETHHLEEZS
ha,

5. 7 hOER

HEREHEL TWAGCHETHONE O b YSALTIR, TEM EZOER > TALFEF
MNEEHH, LD 2EEBELITOEF ST AFE FEREL TV,

L2L, COHPLCETIR7TE P 7O V7N FE FREZIZFBTHDOT, (757505
MAo7t b EHEE LA, RIFFHMO—HITTIRINETE 2.

—RI, HRLEYD /7 ov VI 7ETOFEEDE L TIX, REBEDSVIZ L HHEEMA
B, RABENIBWTRERE REFNONSBEOMICHR/MEID D, FBEFITL MO
HHHLT, RERNOTRLZEFHALRTHEIENS, FHl LRI & 5 FROHRK
RFEBEDOMEL T~/ (Fig.4).

TVAFT—=VOREFIIOVWTIE, RERIDFVATVFE FEERVWTHGE B Hh,
BHIT, 2-TNA 7 v ORBEHTHATE by, MEK, AFln-79E0Tr b i2BWTHIH
RUEIPZOONIZEH, 2-TAAh /) Y ORBENOBERLEIZHD, RERIETEI DA
ThHAEI NS, TP EHEL.

o, BRILZAE -2 F I/ LT & b v BB ROBIUER A #368mE —FH L TWwWD

Table 3. Recovery of carbonyl compounds from boiled rice.

*
Carbonyl compounds Content  Added Total Found Recovery RSD

paimt pgime ygiml pg/ml % %
Formaldehyde 0.024 0.776 0.860 0.763 95.38 4.4
Acetaldehyde 1.762 0.892 2.654 2.599 97.93 3.7
Acetone 2.926 0.935 3.861 3.794 98.26 2.6
Propionaldehyde 0.016 0.990 1.006 0.974 96.82 21
Methyl ethyl ketone  0.022 0.856 0.878 0.872 99.32 1.6
Isobutyraldehyde 0.018 0.972 0.950 0.968 97.78 1.7
(n-Butyraldehyde)
I sovaleraldehyde 0.008 0.915 0.923 0.922 99.89 14
n-Valeraldehyde 0.034 0.847 0.881 0.869 98.64 1.7
n-Hexylaldehyde 0.376 0.991 1.367 1.354 99.05 1.5

% Relative standard deviation (n=3).
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Log (HPLC retention time)

Fig.4 Relationship between the logarithmic HPLC
retention time and the number of carbon in
composition of carbonyl compounds.

®, 1-Alkanal ; B, 2-Alkanone.
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Table 4. Specification of commercial packed boiled rice.

Storage

S 1 . . Net wt. -
a:p ¢ Container Material period aw Absorbability of oxygen

0. month

1 Laminated Nonglutinous rice 4 200 Non
film and tray Acidulam

2 Laminated Nonglutinous rice 3 200 Non
film and tray  Acidulant

3 Laminated Nonglutinous rice 4 200 Oxygen absorbent tray
film and tray

4 Laminated Nonglutinous rice 3 200 In package oxygen
film and tray Gluconic acid absorber

5 Laminated Nonglutinous rice 4 280 In package oxygen
film and tray  Gluconic acid absorber

6 Laminated Nonglutinous rice 11 230 Non

pouch




Table 5. Analytical results of carbonyl compounds concentration in commercial

packed boiled rice. (ppm)
Sample No.

Carbonyl compounds 1 2 3 4 5 6 (nH*
Formaldehyde 0.13 0.26 0.16 0.12 0.13 0.26 0.55
Acetaldehyde 5.32 5.11 5.40 5.62 5.79 6.41 0.73
Acetone 0.03> 0.03 trace trace trace 0.41 13.79
Propionaldehyde trace trace trace trace trace 0.03> 0.05
Methyl ethyl ketone 0.03> 0.03> 0.03> 0.03> 0.03> 0.03 0.05
Isobutyraldehyde 0.03> 0.03 trace trace trace 0.04 0.13
(n-Butyraldehyde)
n-Hexylaldehyde 0.03> 0.04 trace trace trace 0.22 2.03

% Specification of trial packed boiled rice
Container, laminated film and tray; Material, nonglutinous rice, citric acid (pH=4.6>); Innert gas
replacement condition of the head-space, mixed gas (40% : 60%) of nitrogen and carbon dioxide
was blown for 5 scconds at 10 £ /minute; Net wt., 200g; Sterilization condition, 0.3 (Fo) at 110T;
Storage condition, for 15 mouths at 25T.
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