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Abstract

Kunrak, a type of Korea traditional cheese, is made using Tarak, a yogurt produced with makgeolli as the fermentation
source. Kunrak is produced by removing whey from Tarak, followed by drying process for safe storage and consumption
over a longer period. In this study, we produced kunrak based on the method described in  TImwonsibyukiji s . Prepared
Kunrak was ripening for 96 hours at 20, 30, and 40°C. In order to study characteristics of Kunrak, physiochemical properties
(pH, acidity, water contents) and contents of metabolites (organic acids, sugars, amino acids, and fatty acids) were analyzed.
During ripening, water contents decreased. The main organic acids in Kunrak were citric acid and lactic acid, and the main
free sugar was lactose. Main amino acids were glutamate and phenylalanine, and main fatty acid was saturated capric acid.
At later ripening, all metabolites increased immediately after preparation. The sensory evaluation score of overall preference
was highest for Kunrak, which was ripening at 40°C for 96 hours. This study was aimed to assay metabolites of Kunrak
under various ripening conditions. The results provide basic data to produce conditions for standardized manufacturing of

Kunrak.
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<Figure 1> Manufacturing of milk in old literature of "Imwon-
sibyukji
Source of Kyujanggak Institute For Korean Studies
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<Table 1> HPLC analytical condition of amino acid in kunrak

Time (min) Flow rate  Mobile phase A Mobile phase B
0 1.5 100 0
24 1.5 43 57
24.5 1.5 0 100
26 1.5 0 100
26.5 1.5 100 0
30 1.5 100 0

Mobile Phase A: 20 mM Sodium phosphate monobasic, pH 7.8
Mobile Phase B: water/Acetonitrile/Methanol (10:45:45, v/v%)

80°CE FAIBHATE ol FFLE 33 T/HTE 05
mL/minZg AF&-3}% 3, Detector= RI (Shodex RI-101)E
ARESte] A5G TE BEEE 225 Glucose (98%, Junsei
chem, Kyoto, Japan), Galactose (99%, Sigma Aldrich, Saint
Louis, USA), Arabinose (99%, Sigma Aldrich), Xylose
(99%, Sigma Aldrich), Fructose (99%, Sigma Aldrich),
Mannose (99%, Sigma Aldrich), Sucrose (99.5%, Sigma
Aldrich), Maltose monohydrate (99%, Junsei chem), Lactose
monohydrate (99%, Junsei chem), Raffinose (99%, Sigma
Aldrich), Stachyose (99%, Sigma Aldrich)Z AM&-3lo] =74
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<Table 2> Change of pH and acidity in kunrak during fermentation at 20, 30, 40°C

Sample
R P : pH Acidity (%) Water contents (%)
name Temperature (°C) Time (hours)
KR1 - 0 5.54+0.01 0.13 46.93
KR2 24 5.54+0.01 0.13 40.95
KR3 20 48 5.54+0.01 0.14 39.67
KR4 72 5.53+£0.01 0.14 3747
KR35 96 5.53+£0.01 0.16 35.00
KR6 24 5.49+0.01 0.20 35.85
KR7 30 48 5.49+0.01 0.22 33.50
KR8 72 5.48+0.01 0.23 26.23
KR9 96 5.48+0.01 0.24 20.53
KR10 24 5.48+0.01 0.22 35.79
KRI11 40 48 5.50+0.01 0.21 2423
KR12 72 5.52+0.01 0. 20 20.46
KR13 96 5.57+0.01 0.20 14.13
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<Table 3> Change of organic acid in kunrak fermentation at 20, 30, 40°C

Sample Condition of ripening Content (mg/mL)
name Temperature (°C) Time (hours) Acetic acid Lactic acid Malic acid Citric acid
KR1 - 0 0.978 6.747 0.046 3.905
KR3 20 48 1.055 7.219 0.045 4.566
KRS 96 1.050 6.858 0.040 4.524
KR7 30 48 1.366 10.563 0.062 5.773
KR19 96 1.357 9.504 0.056 5.327
KR11 40 48 1.343 10.163 0.077 5.551
KR13 96 1.329 10.073 0.056 5.874
2014). B AN ol <24 AN A|lzH Agke] 4 <Table 4> Change of free sugar in kunrak during fermentation at
RBEUS 2gsjel Adx 20 7|50 we) BRI & 20, 30, 40°C
A Agke] FESRS <Table 2>9f 2t} A2 2521 U Condition of ripening Content (mg/mL)
0] RS 46.93% ollen o) EE FEfo] of S;;f;e Temperature ~ Time Lactose Galactose
3% WAzl Sgete fuBRe P e & (C)  (hou)
S AT o] F A7) Lojol et WA Rk KRI : 0 2452 0128
o] 7HA3H= B&S BT WE 5o mEE 7AZ o) KR3 , 48 13.106 0.133
Apol7h EREE] 20°CONA 96M17E 4 3 AAe] HF KRS % 12100 0088
FHFFE 35.00%, 30°CNA 9647 54 3 AAte] A% KR7 30 48 17612 0.186
SHETES 20.53%, 40FCOIH 96N7F ST Azte] HE KR19 9 15.404 0.156
FUYRE 14IE Uehiel S8l Sekae pu KR sl o
o] t] W] Fwete] FEFHo] o Wes & F AT ' :
Z}ze] oA 96AZFERt SR e R A=
o sigohs T FH Fargee] FFS Ul 20°CelIA1 9] malic acid®] Y& S/gA 17kl whel A} 7Has)

3. 771 RelE 2

S0t A7t mE SHeHsl= <Table
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acetic acid ©]0 2™ A 2] malic acid= HAEEHUC} 7%
o] SkFEoJE F714H1 lactic acide B8 ==7-7H
Al Az AR ] Hlate] WE 48471l = STk
FAE BAT o] T A AR AF s
A& BRI AaEe 29Tt <48 96417ke] FF lactic
acid g2 20, 30, 40°CollA 27} 6.858, 9.504, 10.073
mg/mLe| ATt thao 2 Wol StH {714k citric acid}
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T 44 96AlE AF TAsle FAIE Bo™ 40°C
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=2 @& AEHde ol FAEY Rl fHE
lactosed AOFE of|4}slgitt. o] ¢ War) g wet 2
T 2=l 48A WA= lactose?] EHEO] SIS
H o] & 7A3FA T lactosed] FHEF 30°Co|A] HE Al
7Fg |3 40°C, 20°Cse 22 YERSTE. galactose= 72
AlE HeErH

Jung(2015) ¢ =2ellA $-froll 10%2] 2HdelE HEs
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R
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=
T

-
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&S E T Udden 59 vt e 200074 ST
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<Table 5> Change of amino acid in kunrak during fermentation at 20, 30, 40°C

Sample name KRI1 KR3 KR5S KR7 KR19 KRI11 KR13
Temperature (°C) - 20 30 40
Time (hours) 0 48 96 48 96 48 96
Aspartate 2.46 2.58 2.51 3.72 3.26 3.55 3.46
Glutamate 23.45 24.89 23.60 35.64 31.37 32.40 31.14
Asparagine 2.10 2.19 2.15 3.04 2.84 2.88 2.54
Serine 0.23 0.24 0.28 0.44 0.30 0.40 0.41
Glutamine 0.67 0.67 0.58 0.85 0.72 0.70 0.40
Histidine 2.89 3.07 2.98 423 3.48 3.97 2.85
Glycin 0.27 0.28 0.31 0.47 0.37 0.44 0.41
Threonine 0.15 0.15 0.20 0.27 0.18 0.21 0.16
Arginine ND* ND ND ND ND ND ND
Alanine 12.30 13.18 12.90 18.80 17.82 17.28 19.25
Taruine 1.10 1.08 1.01 1.45 1.27 1.37 1.25
Amino acid GABA 229 2.50 2.61 3.36 3.32 2.89 3.37
(mg/L) Tyrosine 7.77 8.32 7.63 12.48 9.85 11.10 9.12
Valine 12.03 12.67 12.04 18.48 16.52 17.25 16.50
Methionine 0.57 0.63 0.55 1.05 0.83 1.04 0.78
Norvaline ND ND ND ND ND ND ND
Tryptophan 4.50 5.00 4.65 7.00 5.90 6.15 5.40
Phenylalanine 14.07 15.00 14.30 22.07 18.47 19.77 16.81
Isoleucine 7.33 7.70 7.48 11.38 9.81 10.75 9.13
Leucine 15.60 16.33 15.64 2423 21.00 2243 20.37
Lysine 13.72 13.96 13.55 22.22 17.33 20.00 16.51
Hydro proline ND ND ND ND ND ND ND
Sarcosine ND ND ND ND ND ND ND
Proline 5.05 5.15 5.01 7.55 6.89 6.95 6.86

*ND: Not Detected

A 96AI7E A FEEEFO] 14~20% Y-S SLEske] Bl
st oA = -foll Hlste] f714ke] gheFo] oF 5
v o]} S71HE & & ok ol& Fake] g A3 Al
lactose &2 7442 lactose intolerance 23S 7FA| 3L Q)
= AEEA 2 FAF Aol 2 Ao f71ike A
Y EEY HHE 7 T IS Aol A=A

4. 72| ofo| =it B4

SA717F 5 Aol AP EE
<Table 5>} 22t} W] FFEFO 2 ARSE F 247]9] o}
=4 F sarcosine, hydro proline, norvaline, taurine = A
95k 20%2] ofr|iegto] AZEJTt. Az A5 o)A 7t
& F8M EAITE oAk glutamate®] oW TREo
2 leucine?} lysine®] ¥&Fo| =Qkth o] F glutamate= 2]
FollA S e ARog Agfre] uidutat 7+

oAl FHape

Auks W= F2 AEo 2 HltlHong et al. 1990). A%
A% glutamate= 23.45 mg/LO| oL} 30°ColA 48741715
oF 2243k Aol A= 35.64 mP/L7}F AEE 0T 96A] 71

.]
o
= &% 743k 31.37 mg/LE UERAATE 40°ColA] &4

g Aol M &9 96A17Hel 31.14 mg/LE UERN O] A=
AFH S7HS & 7 AT o Z Ho] A
leucine &3 Y& 2102 d&A o AZFSE 15.60
mg/L ZAZH AT} 20°CoA 9617F <2413k Agke] Aol e
15.64 mg/LE & Z}o]E HolA] 9k ou} 30°ClA] 96417
g3 790 E 21.00 mg/L, 40°ColA 96A17F <413 739
ol 2037mgLE SRS & F UATHYang et al
1992). BE 277 g 48A|17H7kR| 2] opr|iedke 5
7Fle FAIE EIAATE o] & 9A e stk FAIE
YUERATE AAH 2 30°CA TE 48K77FA] €] 7
2o] 71g ol 30°ColA 48A17F WA s Al gollA falofn
ko] ghefo] 7P =Tl A=) Fwule A= Ul EA4)
Sl opr|iz2ke] o)slzhga) WS Aol glow Wk
o} :=2F1 phenylalanine, tyrosine, tryptophans 2|= Fw]
Aol a3k ofw| ko 2 el Qlth(Lee 2007; Lee
2008). 2 AFAAME Al 7EA] BB opn|idto] Al 7]
o Blste] 48417 /9 Alell 7P w2 dF AEEU o]
£ Fot AzE Az SAGoA A= i) Fwvt
o)

_ oo
= 2~
TEES & T JATh

ox
to
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<Table 6> Change of fatty acid in kunrak during fermentation at 20, 30, 40°C
Sample name KR1 KR3 KRS KR7 KR19 KR11 KR13
Temperature (°C) - 20 30 40

Time (hours) 0 48 96 48 9% 48 9%

Caprylic acid 2.46 2.58 251 3.72 3.26 3.55 3.46

Capric acid 2345 24.89 23.60 35.64 31.37 3240 31.14

Lauri cacid 2.10 2.19 2.15 3.04 2.84 2.88 2.54

Myrisric acid 0.23 0.24 0.28 0.44 0.30 0.40 0.41

Myristoleic acid 0.67 0.67 0.58 0.85 0.72 0.70 0.40

Palmitic acid 2.89 3.07 2.98 423 348 397 2.85

Palmitoleic acid 0.27 0.28 0.31 0.47 0.37 0.44 0.41

.. Margaric acid 0.15 0.15 0.20 0.27 0.18 0.21 0.16

Fatty acid ..

(mge) Stearic acid ND ND ND ND ND ND ND

& Oleic acid 12.30 13.18 12.90 18.80 17.82 17.28 19.25

Linoleic acid 1.10 1.08 1.01 1.45 1.27 1.37 1.25

Linolenic acid 229 2.50 2.61 336 332 2.89 337

Arachidic acid 7.77 8.32 7.63 12.48 9.85 11.10 9.12

Cis-8,11,14-Eicosatrienoicacid 12.03 12.67 12.04 18.48 16.52 17.25 16.50

Cis-11,14,17-Eicosatrienoicacid 0.57 0.63 0.55 1.05 0.83 1.04 0.78

Behenic acid ND ND ND ND ND ND ND

Erucic acid 4.50 5.00 4.65 7.00 5.90 6.15 5.40
5. we| X2t =4 8 Hdadhe A4 E?iﬁ} ole &4717F F1t Y f
22371700 whE Age] AMpte] FELS <Table 653+ 7 o] [Fho] o} 7118 Ae} AAHQAL) Agke 2|27
o} AA] F7HlA capric acid 7F 7MY B2 FEOE AE 5 7P =skem 20°CelA S49S "]OﬂE :’?/‘37]@%' Zdy

o] TYAI I 2= oleic acid®} cis-8,11,14-eicosatrienoic-
acid 5°] =7 Jepsth 7P =4 Vel capric acidli
caprylic acid®} e x=9] ke FA = Foo AR
shuzE dEA % E]-(Song et al. 1997). Capric acid A|Z
2 50) thzze] S 23.45 me/eol At 20, 30, 40°Cl|A
96117F ST 7S 747} 23.60, 3137, 31.14 mg/eC. 2 1}
Bt 20°C < *%Lmﬂ*% 2 W3} vRjgony 30°C o)
AN s Alell 22 o] =A F7ketd A= ALfro] 3ol
RS & AU e BE 2 7A 48717 <

4 A Fgrs JER 3 S 96r e A% A
sl FHAE YeRh o] <9 lauri acid®} palmitic acid
o] T A Ve HAH 2= IR dhEol
BESPA|AE T o] =2 Z1o 2 Yepth BE AW
Mol AZHFRT T o] 2E Sk A0 Lk
S%om 20°C <74 7ol ®lste] 30, 40°Ce] 7oA 2
Z7Fgo]l =A YR, 30°ColA 48117 S/d%E Aol Al €]
TA] AAE o] =9kt

6. LH=EA] HA

371710 U}»_ o] #5715 E 4L <Table 7>
2}, e A %f‘gi A 22 ZF0] thxFoA 5.00+1.258
7Y ko o] % tekst A AoNA B Tzl H]

23t 96M1 7kl 3.501.65 & HERILL
2] A 4sAI 7ol s AT 9647} oﬂ 1:},\] =7}5h4
5.30+1.492 Yehfo] Eﬂz%ﬂr H|Sgh 258 B ot
7} A, wﬂsq 7350l B 40°CoIA 96A17F <4 Alel] 7}
A =Qkon] 3 4dae] Ao 6.40+1.84% 40°ColA 96
Al =73 AM] = Erit} st & & 1S
o AATH o}ZlUJ ojn|e] Feox 7P H FAE U
ERATE =] Aeol= 7HE %ﬂl b=t ol g9t
go| A= Qg 7343} AZrE| At & Bhe st
B7rek THA 715 x| 9ol% 40°CAlA 96AZF &3S
Z2tellA] 6.66£1.952 7P 7 Wepstom 20°CellA 96~
7 =43 A BE ;q] g]o} = zl;bg.ﬂako] FATaNi e %_-61—
A 71557 2olES & o Al 01%

et Ao HE SRS 20% ©
ok A 7S 7157 9%k 40°C°ﬂ*1
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<Table 7> Sensory evaluation (preference) of kunrak during fermentation at 20, 30, 40°C

Sample name KJ1 KJ3 KJ5 KH7 KJ19 KJ11 KJ13
Temperature (°C) - 20 30 40
Time (hours) 0 48 96 48 96 48 96

Sweet aroma 5.00+1.25% 4.80+1.62% 3.60+1.90° 3.80+1.69° 430£1.77% 420+1.81% 4.60+2.59%
Sour aroma 5.50+1.43° 430+£2.06° 3.50+1.65° 4.504£227° 4.80+1.75% 4.90+1.52% 5.30+1.49%
Salt aroma 4.90+1.79® 3.90+1.79%® 420+1.69° 4.50+1.90° 4.60+1.90% 430£1.06° 4.10+1.83°
Bitter aroma 5.00+1.70% 4.70+1.77% 3.80+1.99° 4.5042.42° 4.60+£2.01% 4.60+1.90% 4.60+2.32%
Nutty aroma 5.60+1.58® 4.60+1.78% 4.50+1.96" 4.90£1.66" 4.70+£1.77° 4.80+1.62® 5.20+2.35%
Unpleasant aroma 4.90£1.97% 4.40£1.65% 3.80£1.62° 4.30+1.89" 3.80:£2.04% 4.40+1.90°° 5.10+£2.73%
Sweet flavor 4.90+1.91%® 3.40+1.71° 3.90+1.91° 3.90+1.52¢ 3.80+2.44% 3.50+2.01% 5.30+1.95%®
Sour flavor 4.70+1.25% 3.40+1.51° 3.80+1.93¢ 4.40+1.26° 3.90+2.38% 3.20+1.48° 5.70+1.77%
Salt flavor 3.8042.04% 3.8042.04% 3.80+1.81% 4.00+1.89" 4.50+1.96* 3.4042.07° 5.00+1.76%
Bitter flavor 4404227 4.60+2.32% 3.70+2.21% 4.60+1.90° 3.80+1.48® 3.604+2.27 4.90+2.60%
Nutty flavor 5.00+1.83%® 4.40£1.71% 4.90+2.60° 4.70+£2.36" 4.60+£2.41% 430+1.77® 6.40+1.84°
Tart flavor 3.80+2.25%® 4.50+£2.37% 3.30+1.42¢ 3.80+1.62¢ 3.10+1.37% 4.40+1.96 5.50+2.20%
Unpleasant flavor 3.50£1.72¢ 4.00+1.89% 3.60£1.71° 420+1.81° 2.90+1.29" 4.10+£1.79*® 5.40£2.12%
Hardness 5.1142.09® 5.44+1.74° 5.33+2.50° 5.56+1.59* 5204228 5.33+1.73% 6.11£2.52%
Overall preference 4.00+1.66™ 4114127 4444219 5.00+1.00° 4.33+2.29% 4.00+1.58* 6.66+1.95°

"Mean+SD (Standard deviation).

IDifferent superscripts (a,b) within the same row are indicated significantly different at p<0.05.

V. 29 g Az ZAte] 2
TEH TN EA & B AgS vFEsio] 28, A B AT S EAT] 3A|(E0143023839)2 =30 =91

o, 7ie), 2250 Tl $7kEAlEe] 2SS & wuth A AL A=y

T AUt FEvEel® o]X§ vt frkeAlEe] SAE
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