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ABSTRACT To promote the utilization of wild edible plants, this study examined blanching, drying, and fermentation
as methods for enhancing the functionality of Hemerocallis coreana Nakai. Specimens fermented for 24 hours at
a fermentation temperature of 50°C, with a relative humidity of 65%, contained the highest amount of organic acid
(18,109.82 mg/100 g). For the blanched; specimens, total organic acid content decreased about 30% compared with
the freeze-dried specimens. The main organic acid of Hemerocallis coreana Nakai was confirmed as succinic acid.
After fermentation, free sugars decreased; in particular, specimens fermented at a relative humidity of 80% showed
a 32~75% reduction in free sugar compared with the freeze-dried specimens. In terms of amino acid content,
Hemerocallis coreana Nakai was mainly composed of valine, isoleucine, and phenylalanine. In fermented specimens
the total amino acid content was highest in a moderately fermented (17 hr) specimen, (1,010.71 mg/100 g fresh wt.),
but decreased in the maximally fermented (24 hr) specimen. The longer the fermentation, the higher the decrease
in non-essential amino acids content, while the content of more essential amino acids consistently increased. In con-
clusion, since seasoned Hemerocallis coreana Nakai contains a considerable amount of glutamine and asparagine,
it has a fresh sour and sweet taste; thus, it will likely be a highly preferred wild edible plant. Also, with an increase
of essential amino acids after fermentation, Hemerocallis coreana Nakai is excellent in terms of nutrition. Thus, it
may be possible to utilize fermented Hemerocallis coreana Nakai in the development of diverse products.
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g Aedz2 A (AR E)NA, AZE dry oven(SH-
FDO 150, Samheung, Sejong, Korea)-— AFE-3Fe] 45°Co]
A 10~12A17F Az33l). 7 & 3%+ water bath
(BS-31, Jeio, Incheon, Korea)& A}-&3lo] A & 1
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= 5 50 mL—EL 7}31od 80% ‘Fioﬂlﬂ
4AZE 7148k v o 2 (Whatman No. 2, Whatman,
Maidstone, UK)& o] ¥}&}a1, o] S rotary vacuum evap-
orator® 7¢t-5%3¢ oy SHFE 10 mLE B &3to
ion chromatography(DX-600, Dionex, Sunnyvale, CA,
USA)Z #4381t} B xHd o2 7 E7]+ photodiode
array detector(M990, Waters, Milford, MA, USA), col-
umn< Supelcogeltm C-610H column(300%3.9 mm, 4
um)s o]-&ate] AAEFGIT o] e]o] F4 27 0% = wave-
length= 200~300 nm(main 210 nm), flow rate= 0.5
mL/min, injection volume< 15 pL, ¢] 542 0.1% phos-—
phoric acidE Z+Z} AF&-3}3T).

GA-AFH - 2AS AJNE - S
o g2 =3

fad £48 Gancedo® Luh®] #H(42)0] F3te] 2
Alskadth A& 1 goll 80% ethanol 50 mLE 7}8}9] heat-

ing mentleol| 4] 75°C& 5A|17F 7L 3 t}2 o 7% (What—
man No. 2, Whatman)® & ¥}&}a1 o] NS rotary vacuum
evaporatordl A #-&F & 10 mL2 &3t |
chromatography(DX-600, Dionex)® #4135} t}. —]?L/-‘j]}_
7€ Carbo Pac'™-PA10 analytical(4<250 mm)¥} &% &
) Ca-EDTA (500 mg/L)E Z&Hatdth. dxed

mLE 33} 0.45 ym membrane filter® o3 3}3F & col-
umnol] 20 pLA FY3FA T o]w 2] column &%+ 90°C=
FA BRI &5 &= 0.5 mL/mine 2 Eerdon 7
Z < reactive index detectorE ©]-83}3lth.
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HPLC(1200 series, Agilent Technologies, Tokyo, Japan)
= A} R3] BASATE AlE 0.1 g2 2.0 mL eppendorf
tube®] B3l 5% trichloroacetic acid(TCA) =894 1.2 mL
E YAk Ao 1A7E A = A4l 71 (Micro
17TR, Hanil Science, Incheon, Korea)®= 15,000 rpm,
4°Coll A 15 min &< AR 3IQlth 1 3 AEHE F
Asle] 0.45 um PTFE hydrophilic syringe filter(%27d 13
mm)Z 23k & HPLC vialdll ©oF 2495 2(MDF-
U53V, Sanyo, Osaka, Japan)ol| 4] —80°C= H.#s}H A A}
S35tk #4749 Zorbax Eclipse AAA Analtical(150
X4.6 mm 1.d., particle size 5 pm)< AF&3A(T. AE o
Z(detection wavelength)2 338 nm, F#(flaw rate)<
2 mL/min, Z¥ <% (column temperature)+ 40°CZ A
A3t A BFY L injector program=- AF&3te] 2.5 ul
borate buffer®} 0.5 pL sampleS 2X= 4o 30%7¢
7Id¥ & HPLCH /757 E91 9+ vailol needles A
3 0.5 pL OPA €918 6x2 &3+3}al thA] needles &+
Foll AaL SR 32 uLet EF § FYITh o5 &
= & A[40 mM NagHPO,, D.W(pH 7.8)]1¢} &n B
[ACN : MeOH : water(45:45:10, v/v/v)]& AH&3F31 o,
L1 AE 19874 100%2 A8 e™ 2118714
43% 7 FFAaAF T o] F 21.6E7FA] 0%% A7l & 25
7 FAA R 25180 tA] 100%= S7HA 0 5

Attt 74zl mFEFE o F/]O}U] =4k HPLC peak ®%|
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x=0.3131, y=0.32012 RAG3 & A&} on, [(HE, Q7ML Sh2k
lightness), a(q %, redness), H(Z %, vellowness) #k AFUEe] fF7)4 %S HPLCE 4% 43+
o= ey Table 2%} 2t} & 7F9 fF7I4bs &4 A3 citric
acid, tartaric acid, malic acid, succinic acid’} B&% %1
SAXzZ| om g AlZeAE acetic acid7} F7HE = 5491 :
ZE dolE= 53 455 A9t 39 ukE 53 Oxalic acid®} lactic acidE HEHA &Uth F F714k
St & FAA LR THAR L]'F/]'LH)\/\———H% RE x5 A sheFe W g 2+ 50°C, HEHE 65%°0A 24/\]{ L1y
T SPSS program(SPSS Statistics 14.0, IBM, New York, AlZ7F 18,109.82 mg/100 gl & 7}4 ko BAAZX
NY, USA)E AH&-3te] YERQltt. o)38t3 54 3 7% A&+ 12,329.24 mg/100 g, FAFE 80%NA 2441
A AA AdE YR EAHEA (one way ANOVA)S kg ek AJE7F 11,418.77 mg/100 go. 2 /- e} dzl
AAIEF 2™, Duncan®] %913 4 (Duncan's multiple T dFNE A EE AAE AR B3 F {714t Tl
range test)ell &3 /X0.05 FEA 1245 A3tk 30% AER PGl dFYUEe] s414% AEs
succinic acid, malic acid, citric acid, tartaric acid =22
Znt  jpxEt AZHJY. "3 & dFH1ZF A5 E succinic acid, citric

acid, malic acid, tartaric acid 2.2 &5 9] citric acid

AQ stag 2 A3 {714 ko] AdwE 7+A3% 91 succinic

AR AFEUES 254 B A REow 74 acide= 52AE A8 20% FTo= s 541
Ho] glom, =& ¢S A3 A= Table 13 2t Z A7 " & 43 A2 A 89A = oxalic acid, lactic
F5A B2 81.23%, AW F22 86.55%, =543 acid, acetic acid7} AZEH A @of 9FUE] F2 {7
WS xehek ol WA i S SA T A= 85.60% AF& succinic ac1d Ao FaLgr}. v F dEAX
2w Fite] £t ko]l 12 o IET. o= Alge] F 714k ehaFe]l Ak o] fr= Kim ?(13)94 i
AW o] FH AL A Sl 7hrko] YA E Hel mEE = oF o] iAo HA= 3 F 7Hdel &Jete] f7]4tko]
ito] Aol AJrjHom FEJFo] & Ao AEY ARHAY zggo] &E5Ho] 2dE Aor dAdHTh

Kim 5(13)¢] ¥ oM+ Yy succinic acid’} 7

Table 1. Moisture contents of Hemerocallis coreana Nakai A 9o, =3 Q719 E tartaric acid, suc-
Leaf part Moisture (%) cinic acid €2 2 =7 dF5o] ZF A FY F57 wet
Green leaf 81.23+0.22° T8t e F& 714 FRet g dEdt Afelrt
white leaf 3655038, glel, 7t AbAfe] Fulg AMska 9 Aow Yzt
o= S 2 #7108 Fele el gasAY HF
frvalue 183,306 A e AE wol zeldol $2HAY AEE Aoz
}_/calges are mean+standard deviation of three replicates. wolw, AR ZTus AAGE 7)Y 248 Zo)v]
Different superscripts within a column indicate significantly 1 AL e . L
different at P=0.05 by Duncan's multiple range test. A= AT ol we x2ge] dt diA= ARt
Significant level "P<0.0001. S HATE o] Wed o7 AzhE),

Table 2. Change in the contents of organic acids in Hemerocallis coreana Nakai after blanching, drying, and fermentation
(unit: mg/100 g)

Fermented (at temp. 50°C)

Freeze-dried Blanched" F-val

reeze-crie anche 24 hr at RH? 80% 24 hr at RH 65% vaiue
Oxalic acid NDY ND ND ND -
Citric acid 1,096.44427.85° 1,276.75+98.38° 202.67+3.70° 2,510.824271.00° 129.1437
Tartaric acid 148.84+3.22° 30.08+7.04¢ 205.76+12.08" 81.12+9.48° 239.832°"
Malic acid 1,560.08+24.40° 836.87+101.99° 866.93+30.17° 378.60+27.81° 224,649
Succinic acid 9,523.88+149.72° 1,855.99+186.05° 9,135.70+113.78" 14,932.82+£774.93" 515.759""
Lactic acid ND™ ND ND ND -
Acetic acid ND° ND° 1,007.71+74.43° 206.46+14.88" 478.712°"
Total 12,329.24 3,999.69 11,418.77 18,109.82

YBlanched during 3 min at water of 95°C. ”RH: Relative humidity. *’ND: Not detected.

All values are expressed as mean+SD of triplicate determinations.

“Different superscripts within a row indicate significantly different at P=0.05 by Duncan's multiple range test.
Significant level — P<0.0001.

"Not significant.
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Succinic acide= ZRE-2% 50°C, TaEFE 65%°14 24 FHA A 779 APEY] B FEEHE dGEo] BT
AZE 9 gk Al Rl A 14,932.82 mg/100 go. & 5718k - acetic acid 2l FA4FHE R lactic acid7} AA EH vk
o FAAZE A5 FA0 ZFol= AATHEAK0.0001). Hustg o, & A Ao A= lactic acide HEHA
Citric acid= 28] ©]% £7}13 2.1, tartaric acid®} mal- ool AFE|UE-2 oAt B4 Aol A K nie}l o]
ic acidi= 42 46%, 76% FAasto] fo4Qd 2ol 1S A4 59 JdEo] FusH dhE ez yeEn
TH(/X0.0001). 28U Ha% 50°C, ¢a&H% 80%l A
24A)17F g 3k AR & citric acid®} malic acid, succinic felg s
acid: #4381, tartaric acid’} 718k A ¢FS B 4 AFUEY fFEd FES HPLCE B4 Z23e
NEE 65%0 A Zask Az et Aolst A3E YeESiT) Table 33 #tv}. 71 A3}, glucose, fructose, sucrose,
ek washs 74 F acetic acid7F HAH Ao, HEF maltose”} HEHNCH, & F2|F dF2 2430 x A=
27t #8555 O AEH A Leest Jung(12)9] Bt 7} 13,086.45 mg/100 g, ©WF T dAFAxX A&7}
e A AUES g3 AduE 25 oxalic acid o] 9,781.41 mg/100 g, ¥a % D TFHTE 50°C 2 65%

77} 3,715.31 mg/100 g, 3,426.08 mg/100 g2 7 o)A 2427 W& A =7} 9,100.62 mg/100 g, WELHE
ko™ lactic aCid7]' 1,554.76 mg/100 g, 685.79 mg/ 80%°l A 24417+ &a st Al57} 5,031.96 mg/100 g &
100 g =22 9tk %3t tartaric acid$}t succinic acide FAAZ AR ZF YT SEko] VMY B9t B AAZ
A=A &2 AR dFYUEolA e oxalic acidek A& glucose’} 6,573.24 mg/100 g, fructose”}t
lactic acid7} A3 HE% A &2 vhA| succinic acid7} 3,562.49 mg/100 gO. 2 7} =4 ASEH o] £ —,—E]L}%PJ

FQ FrIMo R Folxo] Leedt Jung(12)e] Aol ¢ T2 FHFE glucosest fructoseo] At} 13 H HZ &
3] Aolst Axto]dt}. Choi®t Choi(32)¢] Ak oA} AlB = glucose 2 fructose?} 22 2,262.63 mg/100
QS w=ap, b Eg Ak, SRR WS Al F F7)Ake] g, 1,070.16 mg/100 g©.& 66~70% 7} Fo o= i
& HWtF A 7bo] Ao AFE F713H 21| malic acid & &9 2| sucrose”t 5,634.83 mg/100 gC. & 59% Z7}3}
o] 7} k. WraE ol AIXl AYS4F citric acid9}b 91 maltose® AAZ AREY 21% S7Fsksidh. @
malic acid g+%& F7}8}9 21 succinic acid &S oF Al Bol A= dFEE Felgdo] #asiglor, 53 Has
A ste Agor Biusgiv ey & A= = 80%0lA a3 AlEe sEAXE AR H& BE e
TAAZ A B9} 24413 BRT A5 F F714te] el Fo] 32~75% Fraskinh. ARUE(12)9] £ fEES A
= YAl 2ol 7t gl o, A7k {714 FFel oig AEuE 7,862.20 mg/L, BZ Al UE2 4,186.34 mg/L
A W ST 3] kel 7) Qo] waEAlte] dojd S 2 62.5% 7439}, Glucose, fructose 2 galactose”}
= F ofu|Ato] HapAH o2 F7hsktt= Choi®l Choi(32) Z+7} 2,575.23 mg/L, 2,289.02 mg/L 2 1,764.26 mg/L=
o] Axpole= A ApolE Bt dFuEe] HE § o7 ol B FHAShE Aol om, 53] galactose]
F71%ke] F7 9 sheFo] Wslel AL AFgd FaH 4% A9 86.82%= AA3] #Aid AIE HusA. o=
49 nAEo] G WFo ke o] ofy g o3| Lee®} Jung(12)e] A& 371X & blanching ¥4 =
F8 Aol Fa e Aol o]FoA AF FUINkE 7ol ofgh zA o] Aste} A thFe] frEdo] gl
AR S Ao AT, BE $ acetic acid®] o] S5 A2 AZFE

0= A2 E Fol 24 ATl o8 AdHEE A=

v dbg Foll 24F A LdEASS oAlE B 5 QL 714 Ralge] etetA

Atk Woo 5(44)2 acetic acid BAolA n] A& B4 Table 404 Hi= vfe} o] {7]4ta} fre|de]

Table 3. Change in the contents of free sugar in Hemerocallis coreana Nakai after blanching, drying, and fermentation
(unit: mg/100 g)

Fermented (at temp. 50°C)

Freeze-dried Blanched" 3 F-value
24 hr at RH” 80% 24 hr at RH 65%
Glucose 6,573.24+169.53" 2,262.63+17.57° 1,620.02+25.94¢ 3,998.35+77.60° 1,645.769"""
Fructose 3,562.49+29.58" 1,070.16+20.14° 1,879.61+12.06° 2,147.944+23.96 6,465.8137""
Sucrose 2,306.30£63.57 5,634.83+82.94° 1,094.10+37.13¢ 2,176.80+45.02° 3,232,765
Maltose 644.42+31.56 813.79+53.05" 438.23+48.80° 777.53+33.82° 4721977
Total 13,086.45 9,781.41 5,031.96 9,100.62

YBlanched during 3 min at water of 95°C. YRH: Relative humidity.
All values are expressed as meantSD of triplicate determinations.

“Different superscripts within a row indicate significantly different at P=0.05 by Duncan's multiple range test.
Significant level  P<0.0001.
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Table 4. Correlation coefficient between organic
drying, and fermentation
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acids and free sugar of prepared Hemerocallis coreana Nakai after blanching,

Oxalic Citric  Tartaric

Malic

Succinic

Lactic Acetic

acid acid acid acid acid acid acid Glucose Fructose Sucrose Maltose

Oxalic acid -

Citric acid - 1.000

Tartaric acid - -0.644"  1.000

Malic acid - -0.513 0375 1.000

Succinic acid - 0.467 0.354 -0.290 1.000

Lactic acid - - — - - -

Acetic acid - 0593  0.7467 -0216  0.196 - 1.000

Glucose - 0.327  0.040 0.586  0.370 - -0.604"  1.000

Fructose - 0.010 0476 0.661°  0.501 - -0.194  0.8957  1.000

Sucrose - 0204 -0.859" -0.044 -0.770" - -0.653° -0.162  -0.538  1.000

Maltose - 0.754" -0.939" -0.295 -0.161 - -0.8247 0204  -0234  0.7327  1.000
Significant level "P<0.05, " P<0.01.

AE B glucose?} fructoses citric acid, tartaric acid, 93|8 TANZ NBERT 44% At Aot Y3
malic acid, succinic acid®] Aol % AABAS BHA ZUE& F= valine, isoleucine, phenylalanine©] x}%] &}
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Table 6. Changes in Hunter color values of Hemerocallis coreana Nakai after blanching, drying, and fermentation

Hunter color value

Conditi
ondition I a b
Dried Freeze dried 69.08+0.30° -14.17+£0.07" 27.94+0.19*
Cold-air dried 69.80£0.57" -11.28+0.148 22.58+0.39°
Hot-air dried 49.12+0.20° -6.19+0.08 14.73+0.23
Blanched Blanched" 58.95+0.20° -6.61£0.02° 18.640.04°
F-value 2,355.812"" 5.861.676 1,580.288""
Fermented 10 hr at 50°C, RH? 80% 67.78+0.79" -9.3840.12" 25.41+£0.45°
17 hr at 50°C, RH 80% 69.41+3.18" -5.40£0.28° 22.74+1.99°
24 hr at 50°C, RH 80% 68.72+0.94" -3.73£0.10 20.97+0.73
24 hr at 50°C, RH 65% 60.74+1.09° -3.19+0.07° 19.71£0.53%
F-value 14.994™" 870.924" 147637
F-value 98.569"" 2,530.273"" 77216

YBlanching during 3 min at hot water of 95°C. “RH: Relative humidity.

L value, degree of lightness (white +100 < 0 dark).

a value, degree of redness (red +100 <> -80 green).

b value, degree of yellowness (yellow +70 <> -80 blue).
Values are meantstandard deviation of three replicates.

""Different superscripts within a column indicate significantly different at P=0.05 by Duncan's multiple range test.

Significant level =~ P<0.001, = P<0.0001.
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Table 7. Correlation coefficient between Hunter color values and
color values of prepared Hemerocallis coreana Nakai after
blanching, drying, and fermentation

Hunter color value

L a b
L 1.000
a -0.355 1.000
b 0.799" -0.662"" 1.000

Significant level “P<0.01.
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