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Investigation of Water-Soluble Vitamin (B,, B,, and B,) Contents in Rice,
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ABSTRACT - In this study, the contents of soluble vitamins B, (thiamin), B, (riboflavin), and B, (niacin) in 13
kinds of rice, 11 kinds of noodles, and 15 kinds of sauces were identified. The limit of detection (LOD) and limit of
quantification (LOQ) were checked to determine the reliability of the experimental results, and the accuracy of the
results through the standard reference material (SRM 1849a) was verified to show excellent indicators. As for thiamin,
japchaebab (stir-fried glass noodles with rice) was found to contain the highest content among rice dishes, makguksu
(buckwheat noodles) among noodle dishes, and tomato spaghetti sauce among sauces. Riboflavin was identified as
having the highest content in slightly spicy jajangbab (black-bean sauce with rice), bibimguksu (spicy noodles) for
noodles, and spicy curry with turmeric for sauces. Niacin was highest in content in the deep and rich flavors of spicy
chicken-fried rice, janchiguksu (banquet noodles), and black-bean sauce, respectively. As a result of checking the
amount of recommended daily intake of water-soluble vitamins for Korean adult men and women, the highest content
of riboflavin was 217.40% for men and 271.75% for women. Through this study, we are going to establish a database
of nutrients for the water-soluble vitamins contained in rice, noodles, and sauces to provide the necessary dietary data
concerning the content of the water-soluble vitamins contained in foods for daily recommended intake.
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Materials and Methods
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vY(Bokeumbab), 7 (Japchaebab), A7 (Jjajangbab),
2 271 3 9 (Sogogikimbab), 217 ¥H(Chamchikimbab), Y|
Q9N (Bibimbab), X279 (Cheezkimbab), 12| 2. LW (Albab)
< AHEEIRT W =9W (AERA)(Mulnangmyun), ¥
WY H (Bibimnangmyun), 2= Y =IAE 23AEH
(Cheezspagetimyun), 22 VF2~AE] 2~31AE]A (Bolonyaspageti-
myun), Z\JH (Hwoenangmyun), BY=-(Makguksu), V¥ =+
F(Bibimguksu), VA BF2=14~(Bajirakkalguksu), $-& (Udong),
X =4 (Janchiguksu), 18] 3L F=+57(Kongguksuys &3}
o}, Aol 74 ZAX WAV = A (Frenchbasimicdressing),
& 7. 7] A (Bulgogivangnyum), SN A1 ZH] 3 (Doejigalbi-
yangnyum), D7V 22 (Fruitkaraesauce), Z=H-87¢A2~
(Ganjangsauce), B2 °¥7| 22~(Daeriyakkisauce), =7F24
2~(Donkazsauce), "85 FE (Jjimdakyangnuym), EVFE 2=
IAI ] &2 (Spagetisauce), 73222 (Jjangsauce), 7387V
k7t vl 8K Gangwhangkaraemaunmar), L= HYERE &
3 (Gondrenamulbapsauce), ZFL7V vl-&2H(Fruitkarae-
maunmatsauce), 2= E DT 22 (Sweetchillisauce), 12| 3L
A (Ganjjajang) S ME= AHESHITH
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(CAS NO.: 146-14-5, Formula: C,,Hy;P,N,O,;, M.W.:
785.55), riboflavin-5'-phosphate (FMN) (CAS NO.: 146-
17-8, formula: C,,H,N,O,,, M.W.: 456.34), riboflavin
(CAS NO.: 83-88-5, formula:C,;H, N,O,P, M.W.: 376.36),
nicotinic acid (CAS NO.: 59-67-6, formula: CHNO,,

M.W.: 123.11) ZZ2] 3L nicotinamide (CAS NO.: 98-92-0,
formula: CHN,O, M.W.:122.12)& A3} 3, Sigma-
Aldrich Co. (St. Louis, MO, USA)A T35t o] £

o] 874 HIet FE5 9% Aok} HPLC 4014 At
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HAEZLE SRM 194925 o]&-35te] 7} H|ERR] 9] %P%k%
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SRM1849a+= NIST (National Institute of Standards and
Technology, Gaithersburg, MD, USA)E F3llA Y3
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HlelYl B B9 ¥412 $]8F HPLC (High performance
liquid chromatography) &A1 A 2~¥l-> Agilent 1100 Infinity
HPLC (Agilent Co., Santa Clara, CA, USA)S ©]-&3}52
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£ 53 248 W35t vER B2l HPLC 4412
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Table 1. HPLC operating conditions for vitamin B, B,, and B, analyses

Description Vitamin B, and B, Vitamin B,
Column temp. 40°C 40°C
Detector UV (270 nm) FLD (Ex=445 nm, Em=530 nm)

A: 5 mM sodium 1-hexanesulfonate

Mobile phase
B : 100% MeOH

0 min : A 100%
8 min : A 100%

20 min : A 75% + B 25%
30 min : A 55% + B 45%,

Gradient condition

31 min : A 100%
45 min : A 100%

0.8 mL/min
20 uL

Flow rate

Injection volume

(acetic acid 0.75%, triethylamine 0.02%)

10 mM NaH,PO,(pH 5.5) : MeOH=75:25 (v/v)

Isocratic

0.6 mL/min
20 uLL

g2 Agilent 1100 Infinity HPLC (Agilent Co., Santa
Clara, CA, USA)S ©]-§3}92 1, YMC-Pack Pro RS C,,
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(Statistical Analysis System, SAS Institute Inc., Cary, NC,
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Results and Discussion
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2 AT E 84 BIEY B, (thiamin), B, (FAD,
FMN, 223l riboflavin), Z2]3. B, (nicotinic acid}
nicotinamide)e] A2 =& &ls7] ¢lsl LODF LOQ#:
S AA, A3 3hS Table 20] YeRNAT) A A
AT (P #He BE ETFOA 0.998-0.999 HE U<
e e, BF 1o 7k feR ek AX
Ae gelstdh 7 E3A(LOD)F A #H3HA(LOQ) A%,
HIEFR B @l thiamine Z}Z} 0.034 pg/mL}t 0.103 pg/mL
o] Agks ERIsksint. HIEH B,o] LOD2F LOQ= FAD
N Z42F 0.012 pg/mLe} 0.036 pg/mLE 1AL, FMN
M= ZH2E 0.017 pg/mLet 0.051 pg/mLe EHR15131 2 H
riboflavin®] 73-¢- Z}zF 0.035 pg/mLe} 0.107 pg/mLe] 2
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o] 7% 7t} 0.040 pg/mLt 0.122 pg/mLe] #S AU
™ nicotinamide:= 0.047 pg/mLe}t 0.143 pg/mLe] 7S &
A3t ZE 784 vlERle] tiste] LOD 32 0.012-
0.047 pg/mL Abe]9] 3h& YERH™ LOQ#S] 73-F- 0.036-
0.143 ng/mLé] 7t I8ttt Cho 5o A7 ol
A AATE HERR BQl thiamin®] LODE 0.035 pg/mLO]
3, LOQ # 0.106 ug/mLel™, HIER B,2] LOD, LOQ
£ FADOIA 0.004 ug/mLe}F 0.013 pg/mL, FMNOlA &
0.001 pg/mLe} 0.002 pg/mL-S A3+ 2™ riboflavin]
739 0.001 pg/mL2} 0.002 pg/mLe] ZAFAZES EHel&iiTh. o]
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0.015 pg/mLe} 0.046 pg/mLe] hS L1 S™, nicotinamide
£ 0.067 pg/mL 0.203 pg/mLe] ZA#=S 25k T}. o]
Hek M ATE 53 FFHA 2 HEHAE v sk
A9 AEE 2 A9E vYele R AdE
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ElRl B, B,, 183 B9 AFS vg=aHEzTATH
(National Institute of Standards and Technology, NIST)l| 4]

Oz

§\l

fo

Table 2. LOD, LOQ and calibration curves of vitamin B, B,, and B; using HPLC analyses

Vitamins Compounds Calibration curve 1 LOD" (ug/mL) LOQ? (ug/mL)
Vitamin B, Thiamin Y =4125x+1.24 0.999 0.034 0.103
FAD? Y =52.81x +2.05 0.999 0.012 0.036
Vitamin B, FMN? Y =22477x +2.18 0.998 0.017 0.051
Riboflavin Y =788.24x +39.41 0.999 0.035 0.107
o Nicotinic acid Y =32.69x - 0.44 0.999 0.040 0.122
Vitamin B, o .
Nicotinaminde Y =31.98x +0.74 0.999 0.047 0.143
YLOD: limit of detection.
YLOQ: limit of quantification.
YFAD: flavin adenine dinucleotide.
YFMN: flavin mononucleotide.
Table 3. Recovery of vitamin B,, B,, and B;in SRM
o Contents (mg/100 g)
Vitamins - - . - Recovery (%) RSD (%)*
Certified value" Analytical value? Bias”
Vitamin B, 1.25+0.09 1.38+0.01 -0.13 110.40 0.74
Vitamin B, 2.03+0.05 1.97+0.01 0.06 97.04 0.50
Vitamin B, 10.8+1.00 10.16+0.14 0.64 94.07 1.34

"The certified reference values for the vitamin B,, B, and B, in SRM 1849a was derived from the combination of results provided by

NIST and collaborating laboratories.

IThe values are mean+SD of triplicate determinations.
9Bias = accepted value - analytical value.

YRSD: relative standard deviation.
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gk AF Stod HlaL ZEAJste], 2 A3E Table
39 YeRfATE vIE B9 7% 1.38+0.01 mg/100 g& =
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Table 4. Thiamin contents in rice, noodle, and sauces

Sample Thiamin (mg/100 g)
Rice
Maeunchickinbbokeumbab 0.120+0.003™
Nakjibbokeumbab 0.092+0.003*
Karaerice 0.115+0.009'
Bulgogidupbab 0.162+0.006°
Bokeumbab 0.119+0.002°
Busutgamjabokeumbab 0.042+0.001"
Japchaebab 0.657+0.023*
Jjajangbab 0.222+0.009¢
Sogogikimbab 0.094+0.002¢
Chamchikimbab 0.229+0.008¢
Bibimbab 0.335+0.034¢
Cheezkimbab 0.356+0.025"
Albab 0.379+0.007°
Noodle
Mulnangmyun N.D.?
Bibimnangmyun 0.126+0.003¢
Cheezspagetimyun 0.161+0.006¢
Bolonyaspagetimyun N.D.
Hwoenangmyun 0.3360.019"
Makguksu 0.432+0.008"
Bibimguksu N.D.
Bajirakkalguksu N.D.
Udong 0.346+0.010°
Janchiguksu 0.000+0.000°
Kongguksu 0.160+0.013¢
Sauce
Frenchbalsamicdressing N.D.
Bulgogiyangnyum 0.219+0.001#
Doejigalbiyangnyum 0.134+0.002"
Fruitkaraesauce 0.450+0.004¢
Ganjangsauce 0.305+0.001¢
Daeriyakkisauce 0.242+0.002"
Donkazsauce 0.340+0.023¢
Jjimdakyangnuym N.D.
Spagetisauce 0.544+0.016*
Jjajangsauce 0.000+0.000!
Gangwhangkaraemaunmat 0.513+0.009"
Gondrenamulbapsauce N.D.
Fruitkaraemaunmatsauce N.D.
Sweetchillisauce 0.104+0.002'
Ganjjajang 0.239+0.005"

DAIl values are expressed as the mean+SD of triplicate determi-
nations. Means with different superscripts(a-j) of each same food
category are significantly different at P<0.05 by a Turkey's multi-
ple rage test. ’N.D. corresponds “not detected”.
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Table 5. Riboflavin contents in rice, noodle, and sauces

Sample Content (mg/100 g)
FAD FMN Riboflavin  Riboflavin Eq" Total
Rice
Maeunchickinbbokeumbab 0.031£0.002°"2  0.009+0.001°  0.008+£0.000  0.029+0.0028  0.048+0.002"
Nakjibbokeumbab 0.015+0.000'  0.012+0.000%  0.013£0.000%  0.029+0.0012  0.040+0.001’
Karaerice 0.035+0.004°  0.017+0.000° 0.007+0.000°  0.021£0.002"  0.060+0.002"
Bulgogidupbab 0.100£0.005°  0.012+0.001°*  0.005+0.000"  0.060+0.003*  0.117+0.002°
Bokeumbab 0.063+£0.001¢  0.014+0.000*¢  0.024+0.001°  0.036+0.001"  0.101+0.001¢
Busutgamjabokeumbab 0.069+0.005*  0.011£0.002*  0.004+0.001° 0.044+0.001¢  0.085+0.003"
Japchaebab 0.039+0.004°  0.013+0.001°*  0.013+0.002°  0.042+0.004*"  0.066+0.003"
Jjajangbab 0.292+0.008*  0.012+0.001%  0.039+0.003°  0.049+0.003%  0.344+0.004°
Sogogikimbab 0.024+0.000¢"  0.025+0.001" 0.027+0.000° 0.058+0.001°  0.076+0.001¢
Chamchikimbab 0.0360.001"  0.029+0.001° 0.027+0.000° 0.066+0.001"  0.092+0.001°"
Bibimbab 0.249+0.007°  0.011£0.001*  0.049+0.002° 0.057+0.003°  0.309+0.001°
Cheezkimbab 0.028+0.001°"  0.016+0.001*  0.049+0.003*  0.075£0.005°  0.093+0.001*
Albab 0.020+0.001" N.D.Y 0.028+0.000°  0.035+0.004  0.049+0.001
Noodle
Mulnangmyun 0.014£0.000" 0.005+0.001°¢ N.D. 0.010£0.001®  0.019+0.001¢
Bibimnangmyun 0.022+0.000¢ 0.012+0.000° N.D. 0.020+0.001°  0.035+0.001°
Cheezspagetimyun 0.019£0.001%" N.D. 0.004+0.000% 0.013£0.001"  0.023+0.001¢
Bolonyaspagetimyun 0.015£0.000° N.D. 0.006+0.000* 0.013+0.001"  0.022+0.001¢
Hwoenangmyun 0.02240.002*  0.005+0.000° 0.039+0.000° 0.053+0.001°  0.066+0.001
Makguksu 0.051+0.001° N.D. 0.014+0.001° 0.038+0.002°  0.066+0.001%
Bibimguksu 0.043+0.005°  0.020+£0.003*  0.011£0.000°  0.046+0.004°  0.074+0.003"
Bajirakkalguksu 0.047+0.001% N.D. N.D. 0.030+£0.001¢  0.059+0.001°
Udong 0.016+0.000%" N.D. 0.004:£0.000¢ 0.012+0.001"  0.021%0.001¢
Janchiguksu 0.030+0.002¢ 0.006+0.000°  0.001£0.000"  0.006+0.001¢  0.038+0.001°
Kongguksu 0.016+0.000% N.D. 0.004+0.000*  0.011£0.001"%  0.020+0.001¢
Sauce
Frenchbalsamicdressing N.D. N.D. 0.002+0.000%  0.002+0.001%8  0.002+0.001
Bulgogiyangnyum 0.027+0.0028"  0.041£0.001°  0.027+0.000*  0.073£0.002*  0.096+0.001'
Doejigalbiyangnyum 0.045+0.001% N.D. 0.006£0.000%  0.027+0.001°  0.052+0.001""
Fruitkaraesauce 0.083+0.001°  0.017+0.001%"  0.005£0.000%  0.057+0.002*"  0.106+0.001"
Ganjangsauce N.D. 0.022+0.001°*  0.063%0.000° 0.081+0.001¢  0.086+0.001""
Daeriyakkisauce N.D. 0.016£0.000%"  0.019+£0.001%  0.032+0.001°®  0.035+0.001"
Donkazsauce 0.052+0.004%  0.032+0.001°  0.008+0.000%  0.057+0.002*"  0.092+0.002""
Jjimdakyangnuym 0.000+£0.000"  0.008+0.001¢"  0.030+0.001¢  0.037+0.001%®  (0.039+0.001&"
Spagetisauce 0.162+0.006¢ 0.0424+0.000°  0.010£0.000%  0.043+0.001%®  0.214+0.002°
Jjajangsauce N.D. N.D. 0.008+0.001% 0.009+0.001¢  0.009+0.001'
Gangwhangkaraemaunmat 0.494+0.027" 2.640+0.011° 0.126+0.003" 2.428+0.022*  3.261+0.014°
Gondrenamulbapsauce 0.828+0.023°  0.032+0.001°  0.077+0.002° 0.479+£0.010°  0.938+0.009"
Fruitkaraemaunmatsauce 0.064£0.004"  0.125+0.026" 0.569+0.037¢ 0.697+0.056"  0.758+0.023¢
Sweetchillisauce 0.025+0.003¢" N.D. 0.009+0.001%  0.021+0.002"%  0.035+0.002"
Ganjjajang 0.270+0.002°  0.009+0.000°"  0.001+0.000° 0.008+0.001¢  0.280+0.001¢

YRiboflavin Eq.: Total riboflavin equivalent=(FADx*0.4537 + FMNx0.7869 + riboflavin).
PAll values are expressed as the mean+SD of triplicate determinations. Means with different superscripts(a-j) of each same food category
are significantly different at P<0.05 by a Turkey's multiple rage test. *N.D. corresponds “not detected”.
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Content (mg/100 g)
Sample
Nicotinic acid Nicotinamide Total
Rice
Maeunchickinbbokeumbab 1.827+0.005" 0.457+0.004° 2.284+0.007°
Nakjibbokeumbab 0.720+0.014° 0.000+0.0002 0.720+0.014¢
Karaerice 0.21620.020* 0.172+0.016° 0.388+0.005°
Bulgogidupbab N.D. 0.938+0.022% 0.938+0.022°
Bokeumbab 0.109+0.003¢ 0.218+0.012° 0.327+0.015"
Busutgamjabokeumbab 0.085+0.006 0.086+0.006" 0.143+0.050¢
Japchaebab 0.084+0.006 0.267+0.001° 0.351+0.006°"
Jjajangbab 0.413+0.042¢ 0.151£0.012¢ 0.565+0.048¢
Sogogikimbab N.D.? N.D. N.D.
Chamchikimbab N.D. N.D. N.D.
Bibimbab N.D. N.D. N.D.
Cheezkimbab N.D. N.D. N.D.
Albab N.D. N.D. N.D.
Noodle

Mulnangmyun 0.554+0.008° 0.012+0.001° 0.566+0.009°
Bibimnangmyun 0.238+0.011° N.D. 0.238+0.011¢
Cheezspagetimyun 0.659+0.013" N.D. 0.659+0.013"
Bolonyaspagetimyun 0.006+0.001" N.D. 0.006+0.001"
Hwoenangmyun N.D. 0.075+0.005¢ 0.075+0.005¢2

Makguksu

0.483+0.006°

0.189+0.006° 0.672+0.004°
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Table 6. (Continued) Niacin contents in rice, noodle, and sauces

Content (mg/100 g)
Sample

Nicotinic acid Nicotinamide Total
Bibimguksu N.D. 0.270+0.012° 0.270+0.012¢
Bajirakkalguksu N.D. 0.684+0.022% 0.684+0.022°
Udong N.D. 0.170+0.009¢ 0.170+0.009°
Janchiguksu 0.899+0.014* 0.052+0.004¢ 0.951+0.017°
Kongguksu N.D. 0.119£0.007¢ 0.119+0.007"

Sauce

Frenchbalsamicdressing 0.128+0.006™ N.D. 0.128+0.006"
Bulgogiyangnyum N.D. 0.359+0.004° 0.359+0.004"
Doejigalbiyangnyum N.D. 0.494+0.029¢ 0.494+0.029°
Fruitkaraesauce 0.145+0.002° 0.808+0.023° 0.953+0.024¢
Ganjangsauce N.D. 0.202+0.004" 0.202+0.0042
Daeriyakkisauce N.D. N.D. N.D.
Donkazsauce 0.006+0.001° 0.158+0.006" 0.164+0.007¢"
Jjimdakyangnuym N.D. 0.329+0.002° 0.329+0.002f
Spagetisauce 0.354+0.030* 0.352+0.010° 0.706+0.035¢
Jjajangsauce N.D. 1.689+0.020° 1.689+0.020°
Gangwhangkaraemaunmat N.D. 0.167+0.003" 0.167+0.003¢"
Gondrenamulbapsauce N.D. 0.123+0.002" 0.123+0.002"
Fruitkaraemaunmatsauce N.D. N.D. N.D.
Sweetchillisauce 0.086+0.014¢ 0.018+0.001' 0.104+0.015'
Ganjjajang 0.112+0.007 1.510+£0.013° 1.622+0.017°

DALl values are expressed as the mean=SD of triplicate determinations. Means with different superscripts (a-i) of each same food cate-
gory are significantly different at P<0.05 by a Turkey's multiple rage test. ”N.D. corresponds “not detected”.
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Table 7. The ratio of contents to Recommended Dietary Allowance (RDA) in the sample set.

Content (%)
Sample Thiamin Riboflavin Niacin
Male Female Male Female Male Female
Rice
Maeunchickinbbokeumbab 10.00£0.25"  10.90£0.27°  3.20+0.13" 4.00£0.16"  14.27+0.04* 16.31%0.05"
Nakjibbokeumbab 7.66+0.25¢ 8.36+0.27¢ 2.66+0.06 3.33+0.08’ 4.50+0.08°  5.14+0.10°
Karaerice 9.58+0.75%  10.45+0.81¢ 4.00+0.13" 5.00£0.16" 2.42+0.03°  2.77+0.03¢
Bulgogidupbab 13.50+0.50°  14.72+0.54° 7.80+0.13¢ 9.75+0.16° 5.86+0.13°  6.70+0.15°
Bokeumbab 9.91+0.16"  10.81%0.18" 6.73+0.06° 8.41+0.83¢ 2.04+0.09"  2.33+0.10°
Busutgamjabokeumbab 3.50+0.08" 3.81+0.09" 5.66+0.20" 7.08£0.25"  0.89+0.312  1.02+0.35¢
Japchaebab 54.75¢1.91*  59.72+2.09° 4.40+£0.20" 5.50£0.25"  2.19£0.03°"  2.50+0.04°
Jjajangbab 18.50+0.75¢  20.18+0.81¢  22.93+0.26"  28.66+0.33*  3.53+0.30"  4.03+0.34¢
Sogogikimbab 7.83+0.168 8.54+0.18¢ 5.06+0.062 6.33+0.08¢ N.D.? N.D.
Chamchikimbab 19.08+£0.66°  20.81+0.72¢  6.13+0.06 7.66+0.08°F N.D. N.D.
Bibimbab 27.91£2.83°  30.45+3.09°  20.60+0.06"  25.75+0.08" N.D. N.D.
Cheezkimbab 29.66+2.08%*  32.36+£2.27*  6.20+£0.06% 7.75+0.08% N.D. N.D.
Albab 31.58+0.58"  34.45+0.63" 3.26+0.06' 4.08+0.08 N.D. N.D.
Noodle
Mulnangmyun N.D. N.D. 1.26+0.06° 1.58+0.08° 3.53+£0.06°  4.04+0.07°
Bibimnangmyun 10.50+0.25¢  11.45+0.27¢ 2.33+0.06° 2.91+0.08° 1.48+0.06°  1.70+0.07"
Cheezspagetimyun 13.41£0.50°  14.63+0.54° 1.53+0.06" 1.91+£0.08°  4.11+0.08"  4.70+0.09"
Bolonyaspagetinmyun N.D. N.D. 1.46%0.06" 1.83+0.08'  0.03+0.01"  0.04+0.01"
Hwoenangmyun 28.00£1.58"  30.54+£1.72°  4.40+0.06™ 5.50+£0.08"  0.46+0.031%  0.53+0.03¢
Makguksu 36.00+£0.66°  39.27+0.72*  4.40+0.06%® 5.50+0.08"  4.20+0.025°  4.80+0.02°
Bibimguksu N.D. N.D. 4.93+0.20* 6.16+0.25° 1.68+0.07°  1.92+0.08*
Bajirakkalguksu N.D. N.D. 3.93+0.06° 4.91+0.08° 4.27+0.13°  4.88+0.15°
Udong 28.83+0.38°  31.45+0.90° 1.40+0.06¢ 1.75+0.08° 1.06£0.05°  1.21+0.06°
Janchiguksu N.D. N.D. 2.53+0.06° 3.16+0.08° 5.94+0.10°  6.79+0.12°
Kongguksu 13.33+1.08°  14.54+1.18° 1.33+0.06° 1.66+0.08* 0.7440.04"  0.85+0.05
Sauce
Frenchbalsamicdressing N.D. N.D. 0.13+0.06' 0.16£0.08'  0.80+0.03"  0.91+0.04"
Bulgogiyangnyum 18.25+0.08¢  19.90+0.09# 6.40+0.06 8.00+0.08™ 2.24+0.02"  2.56+0.02°
Doejigalbiyangnyum 11.16£0.16"  12.18+0.18"  3.46+0.06™"  4.33+0.08""  3.08+0.18°  3.52+0.20°
Fruitkaraemaunmatsauce 37.50+0.33°  40.90+0.36° 7.06+0.06" 8.83+0.08" 5.95+0.15°  6.80+0.17¢
Ganjangsauce 25.41£0.08°  27.72+0.09°  5.73£0.06%"  7.16+£0.08%"  1.26+0.02%8  1.44+0.02¢
Daeriyakkisauce 20.16£0.16"  22.000.18" 2.33+0.06" 2.91£0.08" N.D. N.D.
Donkazsauce 28.33+1.91¢  30.90£2.09'  6.13+0.13""  7.66+0.16™"  1.02+£0.04¢"  1.17+0.05"
Jjimdakyangnuym N.D. N.D. 2.60+0.068"  3.25+0.08¢"  2.05£0.01"  2.35+0.01°
Spagetisauce 4533£1.33"  49.45+0.45"  14.26+0.13°  17.83+£0.16°  4.75+0.21¢  5.42+0.25¢
Jjajangsauce N.D. N.D. 0.60+0.06' 0.75+0.08! 10.5540.12%  12.06+0.14*
Gangwhangkaraemaunmat 42.75+0.75°  46.63+0.81°  217.40+0.93° 271.75+1.16° 1.04+0.01¢"  1.19+0.02¢"
Gondrenamulbapsauce N.D. N.D. 62.53+0.60°  78.16+0.75°  0.76+0.01"  0.87+0.01"
Fruitkaraemaunmatsauce N.D. N.D. 50.53+£1.53°  63.16+1.91° N.D. N.D.
Sweetchillisauce 8.66+0.16' 9.45+0.18' 2.33+0.13" 2.91£0.16" 0.65+0.09'  0.74+0.10'
Ganjjajang 19.91+0.41%  21.72+0.45"  18.66+0.06"  23.33+0.08"  10.13+0.10" 11.58+0.12°

DAll values are expressed as the mean+SD of triplicate determinations. Means with different superscripts(a-j) of each same food category
are significantly different at P<0.05 by a Turkey's multiple rage test. ”N.D. corresponds “not detected”.
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