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ABSTRACT: This study was carried out to determine the volatile compounds profikhafiom jeer(Thai fermented

rice noodles) and the changes in the volatile compound composition during fermentation. Rice samples were collected
at each step of the fermenting process. Identification and quantification of volatiles were performed by evaluating
dynamic headspace with gas chromatography mass spectrometiyhdfmm jeepa total of 43 compounds were found.

Among them, 2-methylpropanoic acid, 3-methylbutanoic acid, diacetyl, ethyl acetate, ethyl valerate, ethyl hexanoate, ethyl
heptanoate, heptanal, octanal, nonanal, decanal, and 3-methylbutanal were identified as potent odourants based on their
odour activity values. Most of the volatile compounds increased during the first 24-48 h of the rice fermentation process,
except for some esters which increased thereafter during the sedimentation step. The concentrations of selected aromatic
volatile compounds ifkkhanom jeewere affected by the fermentation steps — particularly 2-methylpropanoic acid and 3-
methylbutanoic acid, which were not found in the raw material (broken rice). The amount of ethyl acetate in the water
elimination process was found to be twice as much as in the first day of rice fermentation. The presence of straight-
chain aldehydes changed only slightly during rice fermentation. However, the concentration of 3-methylbutanal increased
substantially. The results indicated that the aromkhafnom jeenvas affected by the fermentation process.
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INTRODUCTION microbial populations found in fermentekhanom
jeen as well as yeast and mould.
Khanom jeenis a traditional fermented rice noodle Recently, much research has been conducted on
widely consumed in Thailand. Broken rice grainsthe volatiles in non-fermented rice products, such as
usually stored over a six-month period, are naturallyaw rice, cooked rice, aromatic rice, and rice cakés
fermented for a few days, wet milled, and then left talhe effects of cultivation times and yeast species on
precipitate as rice flour. A weight is used to eliminatevolatile composition were investigated in the yeast-
excess water from the sedimented flour after it ifermented rice producteoji® andangkak. However,
placed in a cotton bag. This water-eliminating processtudies on the determination of volatile compounds in
is called the weighting step. Next, the fermentedermented rice noodles have been limited. Thus, this
rice flour is pre-cooked before kneading and extrudingtudy was conducted to investigate the volatile profile
the noodles through a die into boiling water. Theof khanom jeeand the influence of fermentation steps
cooked noodles are immediately cooled in tap watean the volatiles.
and then positioned on racks for drying<hanom
jeenmade from slightly fermented rice has a characmATERIALS AND METHODS
teristic fermented flavodr Natural fermentation of i
khanom jeerincludes complex microbiological and Sample preparation
enzymatic processes contributing to the appearanceifianom jeersamples were produced by natural fer-
compounds which confer unique flavour and texturahentation. Broken rice was soaked in water for 1 h
characteristics. Likenifen a traditional fermented and drained. The rice was fermented for 48 h with
rice noodle from China, the chewy mouth-feel ofwater washing at the end of the day. The fermented
the noodles is increased by the natural fermentatiaice was then wet milled and the slurry was left in the
process, whereas the protein, lipid, and ash content aemk for 24 h. The sedimented flour was put into a
decreasetl Lactic acid bacteria (LAB) are the major cotton bag. Excess water was eliminated by weighting
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for 24 h. The drained wet flour was pregelatinized andiere calculated by relating the areas of the internal

kneaded to paste-like consistency with warm watestandard (2-methyl-3-heptanone) to the areas of the

To make the noodles, the flour was extruded into haompounds of interest. Odour activity values (OAVS)

water. were calculated from the relative concentrations of the
The broken rice, 24 h and 48 h fermented riceyolatile compounds divided by their odour-threshold

sedimented flour, drained wet flour, and the finavalues in water.

product khanom jeepwere collected to determine pH

value, titratable acidity, and volatile composition. ~ Statistical analysis

A completely randomized design consisting of 3 repli-
cates was used. Analysis of variance was conducted
The samples were analysed for pH and titratable acign the data, with samples (broken rice, 24 h fermented
ity according to the methods given by the AOXC rice, 48 h fermented rice, sedimentation flour, drained
The titratable aC|d|ty was calculated as lactic acid. wet flour, andkhanom jee)] as factors for ana|ysis_
Duncan’s multiple range test was used to differentiate
mean value, with significance definedat< 0.05.

Each sample (approximately 0.5 g by a balance witithe statistical analysis was conducted using SPSS
4 decimals) was weighed into a 40 ml purge vialyersion 12.0.

and 0.5 pl of internal standard was added. The inter-
nal standard used was 2-methyl-3-heptanone (SigmRESULTS AND DISCUSSION

Aldrich Chemie, Stenheim) in methanol (0.9 mg/ml).pH value and titratable acidity of samples during

Volatile compounds from the samples were extract?ﬁ] - ;
. X ! e natural khanom jeenfermentation process
by a purging gas (helium 99.999%) for 20 min, an : P

then trapped in the Tenax TA trap in a purge—and—traﬁhe changes in pH value and titratable acidity during
concentrator (Tekmar-3000, Teledyne Technologiesie fermentation process &hanom jeerare given
The volatiles were desorbed by heating the trap # Fig. L The pH of broken rice dramatically de-
200 °C for 3 min, and Subsequenﬂy concentrated dﬁ'eased to 4.06 over 48 h of rice fermentation, and
a cryofocusing unit at-100 °C with liquid nitrogen. then decreased slightly more, to 3.81, after being
Finally, the collected volatiles were pushed into thénade into noodles. This is close to the pH value
analytical column by quickly heating a cryomoduleof the fermented supernatantmifen (around 4 2.

to 180 °C. This procedure made it possib|e to extra(ﬂ\fter fermentation for 48 h, the titratable aC|d|ty was
volatile compounds from the samples without interferdecreased due to the effect of washing with water.

Determination of pH and titratable acidity

Extraction of volatile compounds

ence from the extraction solvent. Maximum acidity was reached after 72 h (0.94% as
o . lactic acid). The acidity was greatly decreased by
Determination of volatile compounds cooking the noodles in boiling water. These results

The volatile compounds were analysed using Hdicated that fermentation dthanom jeermight be

HP5890 GC system (Hewlett-Packard) coupled with §ominated by LAB. As reported by Tanasupawat and

5973 Mass Selective Detector (Hewlett-Packard). THéomagatd®, Lactobacillus plantarumL. fermentum

Separation was performed using a 007-FFAP Capmar@nd Pediococcus acidilacticivere the bacteria pre-

column (Quadrex 60 nx 0.25 mm diameter, 0.25 pm dominantly found irkhanom jeen

film thickness). The flow rate of the carrier gas ) )

(helium) was 2 ml/min. An oven temperature progranyOlatlle components ofkhanom jeen

was used. The column temperature was held at 40 ¥om the volatile analysis dhanom jeesamples, 43

for 2 min and then increased at 10 °C/min to 200 °Ccompounds were identified using gas chromatography

which was then held for 10 min. The mass spectrmass spectrometry. These compounds could then be

were determined at 70 eV, while the interface was helgrouped into five major chemical classégalfle J).

at 280 °C. Alcohols were the most abundant among the volatiles
Identification of volatile compounds was achievedf khanom jeenconstituting 73% of the total volatiles.

by comparing mass spectra with the Wiley libraryAcids (18%) and ketones (7%) represented the second

(Hewlett-Packard). The volatile compounds werend third largest classes.

also identified by matching the retention indices (RlI) The most abundant alcohol in the headspace of

calculated according to the equation of Van den Doalolatiles in khanom jeensamples was 1-propanol.

and KratZ! and based on a series of alkanes. ThEthanol, 3-methyl-1-butanol, and 2-butanol were also

relative concentrations of the investigated compoundsund. Due to their high odour threshold, these

www.scienceasia.org


http://www.scienceasia.org/2010.html
www.scienceasia.org

48 ScienceAsi&6 (2010)

Table 1 Quantitative data, odour thresholds and odour
activity values (OAV) ofkhanom jeerwolatile compounds.

1.00 7
A \olatile compounds RI oT Conc. OAV
0.90 a (ng/g) (ng/g)
6 2-propanol 913 120006 509 0.00
0.80 1 Ethanol 935 4518 1930 0.43
s 2-butanol 1028 3308 941  0.29
2 070 B 1-propanol 1049 5708 3630 0.64
3 2-methylpropanol 1102 8206 213  0.00
2 060 | 2-propenol 1125 n.a. 23.5 n.a.
2 L4 1-butanol 1150 50t 128 0.03
g = 3-methyl-1-butanol 1208 3d6 112 0.37
7. 00 < 1-pentanol 1250 4006 8.36 0.00
E 3 3-methyl-3-buten-1-ol 1252 n.a. 3.13 n.a.
< 0.40 1-hexanol > 1300 2500 135 0.01
Z 2-ethylhexanol > 1300  830* 3.93 0.00
Z 030 ] , acetic acid > 1300 220087 663 0.03
= propanoic acid > 1300 2000 6.52 0.00
020 ] butanoic acid > 1300 2407 431 0.02
2-methylpropanoic acid > 1300 50+ 633 127
1 3-methylbutanoic acid > 1300 2507 33 134
010 1 acetone 787 120000 2.14 0.00
2-butanone 891 17006 251 0.01
0.00 +— - - - — 0 diacetyl 977 37 154 51.3
2 2 2 g B 3 2-pentanone 983 1380 638 0.00
= = = 3
g 3 g 2 s g 3-heptanone 1157 140 1.04 0.01
A R - acetoin 1288 800D 224  0.03
8 8 E £ 6-methyl-5-hepten-2-one > 1300 5016 14.8 0.30
= = 2 < methyl acetate 806 1566  3.47  0.00
“ M ethyl acetate 871 B 326 6.52
ethyl propanoate 951 8 141 0.14
propyl acetate 970 4708 10.6  0.00
) i ) L i . ethyl valerate 1136 1% 408 272
Fig. 1 Evolution of titratable acidity (%TA as lactic acid, ethyl hexanoate 1234 1§ 494 4.94
--A--) and pH (-4-) value during natural fermentation of ethyl heptanoate > 1300 2.20 6.58 2.99
khanom jeen Different lower case letters show significantéthyl lactate >1300  580°  11.2 0.0
. ] propyl hexanoate > 1300 n.a. 4.56 n.a.
differences ¢ < 0.05) for TA value. Different upper case propanal 748 18 166 017
letters show significant differences € 0.05) for pH value. Butanal 849 g6 117 0.13
Hexanal 1086 &6 427 0.85
Heptanal 1189 ® 423 141
. . L Octanal 1293 0.5 6.39 9.13
volatiles have a low contributory activity to the aromay;,anal ~ 1300 116 161 161
(CAV < 1). However, they might be important pecanal > 1300 26 6.99 350
to the overall flavour due to odourant interactions irg-meﬂ}é/lb#tznal 1939090 32);2 %(Zé god;
H enzalde e . .
mixtures™. sulphur di0)>/(ide ~ 826 n.a. 4.29 n.a.
Short-chain aliphatic acids found klhanom jeen Total 9130

have been previously reported in rice flavour volatiles g = etention index on capillary FFAP

as a result of oxidative degradation of lipids and oT = odour threshold in water

thermal decomposition, except for 2-methylpropanoic n.a. = not available

acid and 3-methylbutanoic a8l These two com-

pounds with high OAVs probably contribute to the

aroma of khanom jeen Their aromas have beenious enzymes. Sourdough bread, which is fermented

described as ‘sweaty’ and ‘cheesy’. The compoundssing starter culture and sourdough yeast, typically

are also found in sourdough bredd* and many contains these keton®s as doesogwa a Tanzanian

cheese®. In addition, acetic acid was found in fermented maize-sorghum gréél On the basis of

substantial amounts, but the OAV was less than 1. the OAV, diacetyl alone is possibly responsible for
Several carbonyl compounds were determinedhe flavour ofkhanom jeen Furthermore, low levels

Khanom jeersamples contained high concentrationsf straight-chain aldehydes were found khanom

of some ketone compounds, e.g., 2-butanone, diacetigen The OAVs of the minor components (heptanal,

and acetoin. The latter two ketones have a butteryctanal, nonanal, and decanal) were higher than 1.

aroma and are produced by microorganisms from vafhese aldehydes are recognized as producing an ‘old
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rice’ arome® and are usually found in stored rie??. i
The aldehydes 3-methylbutanal and benzaldehyde,
which are probably formed by fermentation, were
also found inkhanom jeen with 3-methylbutanal
having the highest OAV among the aldehydes. This
malty compound has been previously found in many
fermented cereal producs®” 32,

30

Influence of fermentation on volatiles

To establish the effect of fermentation d&manom
jeenvolatiles, we determined the changes in volatile
composition during the fermentation proceBgy( 2).

The highest increase of volatile components occurred
after 24 h of fermentation, especially in the case of £
alcohols, acids, and ketones. The alcohols and acidg
slightly decreased during the next day of fermentation
due to the water washing effect. Esters developed at
every fermentation step, but their presence was lower
in khanom jeensamples, unlike aldehydes, whose
amounts irkhanom jeersamples were higher.

Potent aroma compounds (OAY 1) which were
used to follow the changes at different fermentation
steps are listed iffable 2 In particular, the volatiles
2-methylpropanoic acid and 3-methylbutanoic acid
appear to form during the fermentation process, as
indicated by the fact that they were not found in

ve concentration (ppm)
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—2t— ketones
—X—esters

—4— aldehydes

broken rice ». .

24 h fermenred rice # =X
48 h fermented rice

sedimented flour #¢

drained wet flour
kamonjeen wk

broken rice samples, but developed after fermentatiqfig. 2 Changes in concentrations of volatile compounds
for 24 h and then Significantly decreased during thguring thekhanom jeerﬁermenta’[ion process.

sedimentation step. The dominant species identified
in khanom jeerwere similar tomifen in which the

primary stage of rice fermentation was dominated bgnd these contribute to the flavour of many fermented
LAB and yeast?. Hence, these volatiles may resultcereal$®34. A high content of 2-methylpropanoic
from the metabolic activities of LAB and yeast. Aacid and 3-methylbutanoic acid was found in wheat
wide range of esters and aldehydes are synthesizdniead made from sourdough fermented wliticto-

Table 2 Changes in concentrations of selected volatile compounds durifdn#im®m jeerfiermentation process.

\olatile compounds Concentration (ng/g)
Broken 24 hfermented 48 hfermented Sedimented Drainedwet Khanom jeen
rice rice rice flour flour

2-methylpropanoic acid n.d. 493 578 65.7 590° 633
3-methylbutanoic acid n.d. 282 185 46.9° 33CF 335°
diacetyl tR 31P° 2426 49.0% 329 1540
ethyl acetate 8.2%7 871° 365 140 1860 32.6"
ethyl valerate # tr2 tr2 7.84 29 4.080
ethyl hexanoate ir tr2 trd 15.€ 12.9 4.94
ethyl heptanoate 3 tr2 trd 6.7¢ 4.48 6.56
heptanal 2.38 5.10 2.79 tr2 trd 4.2%
octanal t? tr2 tr2 trd trd 6.3
nonanal 6.00 11.¢° 14.¢ 4.8 5.6F 16.12
decanal & tr2 8.67 717 trd 6.99
3-methylbutanal fr 18%F 66.2 trd tra 10.12

n.d. = not detected; tr = trace:(0.001); differing superscripts in a row indicate significant differences of the means.
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