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Comparative Study of Total Acidity Content of Makgeolli with
Pre-Treatment and Analysis Methods

Ye Seul Kim, Kwang Seup Shin, and Jeung Hee Lee

Department of Food and Nutrition, Daegu University

ABSTRACT The total acidity (TA) of Makgeolli was affected by suspended solids and CO, produced during the
fermentation process. Nine Makgeollis (four sterilized and five unsterilized Makgeollis) were collected in the market,
and their TAs were compared before and after filtration and CO, removal. TAs of sterilized Makgeollis were 0.379 ~
0.477%., which significantly decreased to 0.167~0.225% after filtration and 0.132~0.170% after CO, removal (P<0.05).
TAs of unsterilized Makgeollis were 0.412~0.467% and decreased to 0.157~0.365% after filtration and 0.143 ~0.280%
after CO, removal (P<0.05). TAs of Makgeollis were compared by three methods using different indicators. The TAs
of sterilized and unsterilized Makgeollis were 0.105~0.123% and 0.105~0.200%, respectively, by bromthymol
blue+neutral red (light green), 0.129~0.154% and 0.130~0.255%, respectively, by phenolphthalein (faint pink), and
0.120~0.146% and 0.130~0.232%, respectively, by bromthymol (blue). Nowadays, Makgeolli is commercialized with
various distinct colors, and thus it is important to select appropriate indicators for proper titration endpoint identification
for TA measurement. The compositions of organic acids profiles varied depending on sterilized or unsterilized
Makgeollis, in which oxalic acid (0.108 ~0.329 mg/mL), malic acid (ND to 0.134 mg/mL), lactic acid (0.127~0.776
mg/mL), and citric acid (ND to 1.159 mg/mL) were found, and lactic acid was in unsterilized more than sterilized

Makgeollis.

Key words: indicator, organic acid, decarbonation, Makgeolli, total acidity
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cinic acid, malic acid, lactic acid, oxalic acid, citric acid,
acetic acid 5] &Asl=0 FE-E gRo vty T3 A
HTH3E,5). 1Ak Td el Adds FosiA e 5 &
= 7] 9 lactic acid bacteria(Z Aol 2]8] lactic
acid7} A EAY, #42]9] &3 &L acetic acid bac-
teria(ZAMt) T butyric acid bacteria(SAkt)ol 2] &)
acetic acid ¥+ butyric acid7} A= 4 93L(6),
Agx}:a g7)2k0 2 old] EAF heko] olx| a1 Alko] 73
SPRAGS AA |TH7). §hE FAF 5fo] Ws A
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(total acidity)< «]““4 S Z2E FR/ e Eolde
ik & dFer 4 AYE AT T8I A% B
A LS 2710 Akels SRR R o] &HH(7), A
glo] F2F 74L& “0.5(acetic acid %) °la" & A o]
°1E‘r(1) A T/ Ul EA8E 2 AHacid< %L%LFJ

Fgdoz Gk gh(total titratable acidity) o2 3
E]‘I], w=r& H|FE3 giF-E =7k Al Association of Off1—
cial Analytical Chemists Official Methods of Analysis
(9), FHAI(EU)S Office International de la Vigne et
du Vin(1O)dlA FAFEARS A8t i) $-2luakel
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A9l oxalic acid, tartaric acid, malic acid, acetic acid,
citric acid, succinic acid& Sigma-Aldrich Co.(St. Louis,
MO, USA)ollA Fgi3te] AM&-3F3it.

EFAF |7

whdel 25 mLE AH2HEeh 22100 mLe) Wi gt
27} ¥ Be) g W oR) B0 AR e

TH(shaking by hands).

A

3k v A H47] 25 mLe} stir-
ring barZ W7 (Hot plate/stirring PC-420D,
Corning, Steuben, NY, USA)E o]-&3}o] 200 rpmell A 1
i, 500 rpmol| Al o= gb7bAT Y] & 7R (eF
2%) stirring(stirring by magnetic bar)dtA U L3
< 8] 302 AT F g ¥ S5 A AIER AME
3} tH(boiling).

0})|-
s

pH &
wA )= o] ¥4 (Whatman No. 4, GE Healthcare, Amer-
sham, UK)el o3&k & A 5= A}-&-31qitt. 2Hd el o] pHE
pH meter(Laboratory pH meter Lab 850, SI Analytics,
ste] o3} A3 =5 Z438T)
wAg o] T4k S 20169 A FTH EAHEQRT.FF
~1LEF-6)AEH-(2)F DD AOAC #41H(9)& vl
sto] S48tk AETH W)L vlAd Zof AE &
F9= 30 mLell ©H2e] 20 mLE FH3kal A A1¢F 0.07% bro-
mothymol blue +0.03% neutral red €2 (BTB-NR &3
AA ) 2~3EE 92 F, =M (faint green)o] = w7t
2] 0.1 N NaOH & o 2 #Hslo] An|&(ml)S 7]53shaL
ol o] A4kl o]&3lo] Z4Hacetic acid) 2 ZA F4HS
T3 AT
Total acidity _ 0.006XVXxf
(W% S

V: 0.1 N NaOH®9] Zn]Z(mL)
f: 0.1 N NaOH¢] factor
S: AA=Z(mL)

Mainz, Germany)Z ©]-&

X100(&AFS. 2 A)

AOAC WH(9)o 2= A A1k pH meterE o] &3 F
7HA A o g A S-S BT A A kS o] &
gk AW o2 = v A B 23 ST/ 200 mLe} A
Al¢F 1% phenolphthalein €9 1 mLE ¥ %, 0.1 N
NaOH &1 o 2 & Al(distinct but faint pink)o] 2 w7}
% ubde] 5 mLE 37Fekar 0.1 N NaOH &<
A3 oA FEAe] 30x 5 A2 wW7b=] b
2 Astar, ol AFEE 0.1 N NaOH &8 o] Anjgs 7|2
3FSATE. pH meters ©]-&3 WA= A A%k YA &
3 0.1 N NaOH £98 A3 YwowA pH 8.27F = w7}
| A3tk T3k AOCS W (9)S HEst B A=
A A 2FQ1 phenolphthalein €< thAl 0.4% BTB £ 1 mL
& #7F8kaL 0.1 N NaOH &5 Weo] FEA¢] & w7}

¢

L

N
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27 i pH meterE |83k pH 7.6°] & wj7}#] A%
shiTh 91¢] 3744 Mol A= of skar 'S A A g @
A AEE ARSIl oH, ol o] ALHAE o] 8okl A
SO 24 FAHW/VR) TS Felsith

Total acidity (w/v%)=

mL NaOHXNormality of NaOH><0.06
mL of sample

<100

B £

w4 2] S o] 7}x](whatman No. 4)ol] o]3}3}e] oz} 23}
9] g% (turbidity)E Z73+3Ith. Spectrophotometer
(Thermo Scientific Evolution 201 Series, Thermo Sci-
entific Inc., Waltham, MA, USA)E A}&-3}o] 600 nmeoll A
THEE 5438t gxg JERRSITH

“Hd e = filter paper® o Fskal ©AbS AAT F- 0.45
um membrane filer® 3+ M o] 73+ v} High-per—
formance liquid chromatography(HPLC)E o]&3lo]
71AHe A5k B4 21 Table 13 2d. #7714 &

FE 29l oxalic acid, tartaric acid, malic acid, acetic

acid, citric acid, succinic acidE 0.05~1.5 mg/mLe| ¥+
SN FASt] HPLCR #4138 & A=FdS #HAdste 2t
7148 A=l

EA2AM
o [ |
RE A¥e 33 o) vbE AAste] P xFUA

(meantstandard deviation)® WERHSITE. AdAx=
SAS 9.4(Statistical Analysis System, SAS Institute, Cary,
NC, USAE o]-&3te] 4HEA(ANOVA)S &kl Duncan’s
multiple range testoll &3l Z} Ht gkl FoldQl ol &
FX0.059] gl A #1733 Th

Znt o o
atdz|of ofnt & EHMIEA HMI7Hof| WE S, pH H EfE2

=
iy
)
a8
X
o
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a
e
o
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2
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N
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N
ok
ey

[o

S 3taak AOAC
ol A A A] 3 shaking by hands ¥, boiling for 30 s ¥
I} B Aol AU (stirring by magnetic bar)S A3k
37FA e S AAg & FARS SA s8] Hlalskgl
(Table 2). Aterd e} Aerd ]| of 7 He| FA4kS 747
0.341%%} 0.328%%1 3 A3} Fo= 0.174%9} 0.261%=
frelx oz 734819 2 (7X0.05), o3 He] uhEe] pHE
12} 3.973% 3.718¢]1 o4 o7 Fo &= 3.9599) 3.652
oK o2 7HA4dhe A4S BThX0.05). ol w4
A st B84 PSS AAS AT

o

&

of whrh AFAeh FAFSHATHD.

of i N
Ho

A

Table 1. HPLC conditions for analysis of organic acids in Makgeolli

Condition
HPLC Young-lin (SP930D dual pump, Anyang, Korea)
Detector UV/VIS Detector (440 nm)
Column Hypersil GOLD aQ (250 mm X4.6 mm, 5 pm, Thermo Scientific Inc., Waltham, MA, USA)

SUPELCOGEL C-610H (300 mm X 7.8 mm, 9 um, Sigma-Aldrich Co., St. Louis, MO, USA)

Mobile phase

Solvent A: 3 mM HCIlO4 (dissolved in H,O)

Solvent B: BTB solution (dissolved in H,O)

Flow rate 0.9 mL/min
Injection volume 20 pL
Oven temperature 80°C

Table 2. Effect of filtration and decarbonation on total acidity of commercial Makgeolli

Makeeolli Filtration Decarbonation
& Before After Shaking by hands  Stirring by magnetic bar  Boiling for 30 s
Sl pH 3.973£0.002°  3.959+0.001 3.955+0.001" 3.979+0.003° 3.877+0.001°
TAY  0.341£0.007 0.174+0.001 0.165+0.003" 0.149+0.004° 0.224+0.003°
Unsterilized  PH 3.718+£0.002°  3.652+0.001 3.645+0.001° 3.645+0.001° 3.576+0.001°
TA 0.32840.001 0.26120.007 0.229+0.002° 0.22240.002° 0.269+0.001°

UTotal acidity (as acetic acid, %) analyzed by AOAC method.

?Means with the different letters (a-c) within the same row among decarbonation methods are significantly different at P<0.05

by Duncan’s multiple range test (n=4).

*Signiﬁcantly different between before and after filtration at P<0.05 by r-test (n=4).
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(7X0.05) stirring< shaking®.th Byow E
3] Agubdeo e Fod oz A B4 F A THIX0.05).
30% =< boiling 3F WH A= stirring® Bt} 294
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BUE 30 e FA8E AAANA AlmEEE)S i
o] ZstAA FHIAgo] Y H YL, o|n] FHE =T
AlE A AlE 5 mLE F3te] E4 6 AMESHA Ho FAte]
Tt Ao R AZpgt) wela] 2 AT e o3 & 9
A9 a7t~ A7+ magnetic barE ©]83) stirring
o s FA S st TS FA4F =74 Al boil-
ing sto] wtd el &S AASIIAL & Aol W
FAEANE 7143 ASBC BARADH FASHA FAT
SAoll Bad G mL)e A A=EE v A A boiling
g & A59] &S AXAIA g1 vE FHTE HUe
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(£X0.05), g4t AlA
2284 tHX0.05). A ddE o3 A 0.412~0.467%
o] Fako] o3} Fofl &= 0.157~0.365% = (X0.05), €4k A
A FolE 0.143~0.280%% Ao w 7AadTHIX
0.05). Choi 5 (11)& A& Ae-de] o] F4F 0.5%% A
7 3 0.45%=2 7t Ao Baste] o7} I Eal ohe
o] Tradt ® Aot FAMS AIE nolon, oz Al
A EE2 F4F s (acetic acid%)e] 0.17~0.29
%z B3 Jig} Chung(18)e] AF+Azole FAEA Tl
gk vrdeE o St ke B4 e HEASE
Ao 2 ZAEATH7,12,13).
b7 7] 9] 3.02~3.50°]1%131,
AAS wde o] g 0.02~0.69% -

228 TH/X0.05)(Table 3). 22 d o] pHE H
5 4.2 U9(Q9)e]ar & At o] g wE ]9 pH 3.095

R

Atz

=0

QUL =

o
o
o
2
M
1 O

-
grE

Table 3. Effect of filtration and decarbonation on total acidity, pH and turbidity of commercial Makgeolli

Filtration Turbidity”
Makgeolli Before After . Before After
Undecarbonated Decarbonated filtration filtration
c4) b a .
A B0 oaseone om0 oisesoor 2010 013:000
c b a .
v e e o
¢ BN Calaooor  osroood  onmgoor  M18003  013:000
b a a .
b S e seawl S0 o o
b a a .
E TA 0412000%  orsoso0ol  ondsooor 331002 014:000
P B gm0 s oo
it B oo om0y s
a b b .
o el s R s
a b o .
T Th 046000 osess000"  ossosoony 0000 0022000

1)Turbidity: absorbance by spectrophotometer at 600 nm.
?Decarbonated by stirring with magnetic bar.

ITotal acidity (as acetic acid, %) analyzed by AOAC method.
“Means with the different letters (a-c) within the same row are significantly different at P<0.05 by Duncan’s multiple range test

(n=4).

*Signiﬁcantly different between before and after filtration at P<0.05 by f-test (n=2).
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~4.00001%21, o] AT Park 5(20)8] Fv) A% 22
2] 8%°) pHE ¥4 AFHpH 3.6~4.1)9 fAsee. 4
T ofahst WA AA HYL ANEA pH el F
A AR A Y] B3 ol ol s 5

0.154%%<} 0.130~0.255% % 31, pH meterE A}-&3}o] pH
8.28 AAHdo= 3 HF 0.137~0.162%<} 0.140~0.279
%A Method 1 ¥R S do] 7] hehateh.
7P R S Bl o ol A8 AN

wjZolt}. 20164 2

= %7}0}L AEs Holed, 448y pHe 3 /771 7 Hg el tra 7| F3H FAH)
ko] Tt s, 71 2 frfEA B o dFS e & A& 20 mLell SH5 30 mLe} 4] BTB+NR A A ¢k
Av 2 Az E 2~3%e)S Y1 @548 AT EHdos FA4st 9l
o] e AYE e Fieold dalvkas t}. Table 4] BTB+NR #| A oF&- A}ﬁo}oq B3 w7 g
Z2F shefol &S ], e LdollE ARES w0l o] AAQFT LA %%*%‘% Fetoz SIS wo] pH gk
g8 ks edgiHor Hrle A EAHL o 7.00~7.489] W]l 9lil(data not shown), °]+ AOACH
2w o] AT B4 ARl o]dd adles A (9)9] AA A pH 8.210 T} Formz Ao A}-g¥ NaOH
T UEE A FAHo] WAFE o oF & "y} Qlrha A7t |l ¢Fo] Aol Fat e ghe g o g ALty
gio), whelA B Ele] A FE8] AR FS5AS AR Atk Fk, FAE 2 A5 s AMEH SR 9
2 AREEAY, A AR e B HES AAT & & af S WS 4= ok =l B4 2 ACACH(9)A
g ARE EEAY AY i Wh7]E ALE5 ZHFo Bk Ast7] 8] A 23 & ARgS
decarbonation ¢ %ol F4F S A= o] HAs) ool Ak ok ey #91 i}@% T3 SFTe
ot Ay ZbE o) S AAEE = qk, A|Zko] = 7] T o|xt3}
%5\_7]_ r)r/\] Eo fsﬂg]q E]-/\]..O_ xg/u O]—Di ZE/‘O] %
EMuiHof 2 atda|ol SA HW A A& A F7bekar pHE AAF Yol Al ) o]d o]
U9 =79 T4 FAYHES A EH T4 TS 2 ACACHO)2 Al=E 7l A # SR/RFE ™
7t £A(NaOH g oz HFAslo] #hS Artsts 54 Z3A 71 (pH 8.2 or faint pink) ol A5 #H7}sle] FAF
dEle FL3A o5 BAHE AR 4, AR A4 wAlo] o] Fojx B Ao A§H FTHT gHilo] A8
kal HAHF L, Fabol] o]gd F7]4ake 7 &) F4k o FAk ol WA= FES HageEE ﬂl A
shefo] AolstmE 1 Ao A= Table 49} o] 371 2o S0 U FHA|F| B8 o mat =W
o wdge] FAMS S35t uluskith, =, WE, 3, S|, 2=y, Qi B 58 HUhsk
BTB+NR A A kS ALg-3H %%(Method 1) 2hetde $4e 7t EAH AT N Foll JTH(14-16). o] gk
o} AurAda] o] F4k gk 247+ 0.105~0.123%<F 0.105~ nhdgE5e 7 Edof| os) FAte] FUteteE A
0.200%=X TZde e F4F 7|5 7+412) 0.5(acetic acid%) Holm F2A, A2 59 theFsk AdS v A &
olgt2 EAFAr). vrH AOAC EA1'H(9)2l phenolph- =4, o] 4% BTB+NR(&%4)o]4 phenolphthalein #|
thalein €& A AJeFo = A F ¢ (faint pink)S A AleF(FEa) o2 e a5 445 dd Sehqtdo] of
g At o Avbdel o F4b ke Zh7 0.129~ 18 4 ok wEbd B Ao = A A A ke = BTB
Table 4. Comparison of total acidity of commercial Makgeolli by different analysis methods
Total acidityl)
. Method 1 Method I Method I
Makgeolli % 5 5
BTB+NR Phenolphthalein pH=8.2 BTB pH=7.5
indicator indicator (pH meter) indicator (pH meter)
A 0.11740.011Y 0.151j:0.0022b 0.160+0.005" 0. 146ﬂ:0.004: 0.154:&0.010:b
Sterilized B 0.119+0.005" 0.129:0.005" 0.142+0.007" 0.124+0.009 0.130:0.007’
ertize C 0.105+0.000° 0.130+0.006" 0.137+0.006" 0.120:&0.001; 0.123i0.002b“
D 0.123+0.001° 0.154+0.008" 0.162+0.012" 0.128+0.006 0.138+0.004
E 0.110+0.000° 0. 140j:0.007“b 0.143+0.012" 0. 131:t0.004z 0.140+0.009"
F 0.105+0.014° 0. 142ﬂ:0.0092 0.156+0.004" 0.130+0.005 0.148+0.01 1:
Unsterilized G 0.144+0.001" 0.154:0.007" 0.169+0.003" O.l36ﬂ:0.012°b 0.152+0.004
H 0.120+0.003° 0. 130ﬂ:0.0062 0.140+0.005" 0.131£0.012" 0.138+0.01 1:
I 0.200+0.002° 0.255+0.005 0.279+0.006" 0.232+0.000° 0.247+0.003

1)Reported as acetic acid, %.

2)Tltrated with BTB+NR as indicator according to Korean Food Code method.
Titrated with phenolphthalein as indicator according to AOAC method.

4)Tltrated with BTB as indicator according to OIV method.

Means with the different letters (a-d) within the same row are significantly different at P<0.05 by Duncan’s multiple range test

(n=4).



uhee] fo)ake WEsy F v Eel o8] AgH,
T FRsh AP wet BAe) gl Pebiink, el
Azol AHgEE ARA ARG} FE L FHe] B oy
shar, 5314 % A 7] f714k0] A4 EE 22
B2 frlae] ERe gae Hanig 2ol7k ATk,
2122). &, Uel: BE ¥ AYTHL Fol AFY 5
el A B, AN, R Bol Azbsv, Sl 4
S, oV AF, MFFE 52 A7bstel ATk Te) gt
g3 ol s BAE A7tel B i o] juls]o]
TRRNE, AF PR i AU Ee BE F 44E
FOET WE T Ak RO o8 Y v

phoric acid, tartaric acid, malic acid, succinic acid, fu—
maric acid, lactic acid, acetic acid®] t}%3F F7]AHE0]
g =, “‘S"‘iﬂ el whe} lactic acide] A& 7+
stefo] v F7IAERY L o]l 8 o 4 A
UTH19). =l A Aetde|(4F) 2 A28 (63)9
f714H& HPLCZ 413}o] %A} A3} oxalic acid, malic
acid, citric acid, lactic acid, acetic acid+ succinic acid<]
ZA o2 YelStH(Table 5). Malic acide A9-d 2] Het
[E Aled me Fdgol rHEler, 1 g 0.030~
0.134 mg/mLZ ¥4t} Malic acide =2 ] @59
ARG Tl Sl whet 1 Alx ko] debd
M (23), TE F A 7|l AFH a2 T Hadto
A F71oll= AEHA dtthal Basan QIk6). Lactic
acide= # A9 WA g] Az 0.127~0.776 mg/mL=
SHrEo] slow, A el Ho gude]o] v

A=
T de

A gol

Table 5. Organic acid content of Makgeolli
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tobacillus sp.%} Leuconostoc sp. &
o]+ malo-lactic fermentation(MLF) ¥ -&<F malic
acid7} lactic acid® ASEHBE(24), v Agd $
S drebd el wis) Aubdes fE713 Sk fAk
o 98] %42 MLF7} 28% ] lactic acid?] 3o
& A0 2 AZE Lee 52O AT F85HE T2
AbE A sk Anbd et e e ot malic
acide] g2 Y1 lactic acid®] F =rial B askS]
o olE B AFAHe} frAkstGlth
Acetic acid+ succinic acid®] & Autdg|olA 2
736;}_0_ w9l o 1::1 citric acid9] ek o /\l—iLUl—}lg] Bglr A

A ]/‘1«] citric acid *(E*g%h%
%7 0117\14 citric acid HA7reel whel 21 gheko] vk
o= AZEM, AlRE AMSE w4 qU|AES
47 BE FAdEe] H7keE A 2 E gl
© Ag A, B, C, D, E, Fol| #+d4te] H7ig Ao=w

7]Q°ix]“} a2 A7 S 7= A Rt

42 o] T4 NaOH & o= F3f A ¢ 5 34t
g (conversion factor)& wate] 11 S Allteled], 3
Aboll AFE-E = A E f7)Abd wE SAAST gEas
(acetic acid, 0.06; lactic acid, 0.09; malic acid, 0.067;
succinic acid, 0.059; citric acid, 0.064) AAtE F4F hak
(wW/vP)el G3Fs PAA ot Sl FAREA Hel = ¢
Ag)e] F2 A E s =4 8-S acetic acid 0.5% ©]
82 TFA AL acetic acidE F4F o
I AATH,5,20), Ul HA 9] FAS S =Bl
A+ lactic acid® F2HS 3 A4 7 B2-H(6,8,14-
16,19,25), o]+ lactic acid7} =2 g e FH §7]4ko|HA
g 7)ol 1 gFe] 7H Wol F7ksty] wiiEdl How
A72+E]™(6,13,22), ©] 49 lactic acidZ ke F2F ghe
acetic acid® &4tgl F4F 3Rl =4 AAtFECh =3

o o

¥

oy

Organic acid (mg/mL)

Makgeolli Oxalic acid Malic acid Citric acid Lactic acid Acetlp .a01d.+
Succinic acid

A 0.148+0.0214V 0.042+0.001¢ 0.65120.045° 0.201£0.051% 0.192+0.021%

Sterilized B 0.149+0.011¢ 0.078+0.001° 1.159+0.088" 0.132+0.026° 0.100+0.011°
eriiize C 0.238+0.010° 0.123+0.008 0.966+0.047° 0.266£0.002¢ 0.192+0.018%
D 0.108+0.008° 0.030+0.007¢ 0.529+0.058% 0.127£0.001° 0.056+0.003

E 0.268+0.021° 0.118+0.008" 0.184+0.042° 0.678+0.115" 0.169+0.020%

F 0.319+0.001° 0.134+0.007 1.159+0.077 0.252+0.017¢ 0.138+0.018%

Unsterilized G 0.329+0.007" 0.093+0.001° ND 0.776£0.016" 0.220+0.009°
H 0.240+0.016° ND? 0.358+0.001¢ 0.367£0.037° 0.295+0.007°

I 0.176£0.007" ND ND 0.606+0.038" 0.372+0.032°

"Means with the different letters (a-f) within the same column are significantly different at P<0.05 by Duncan’s multiple range

test (n=4).
IND: not detected.



606 el 2l

T T A E dge FdEFS = 54
2]+ citric acid?} & g€ A 97 ‘E%SLEE A &=
9] Fte AEE = AR f7lAke] dA ol F

Hrh

2 o
i o] F4k g SfE FREY Ta Aol Ay
gt BRb7ko] A A ofF g BB o] JEks B
o Al FEde G2 E dYste] FRES AASL
magnetic bar® stirring 3te] BAFAE AAS & 2ALS

A A AuutdE|(48)9] A3 A 0.379~0.477% F
abo] o3}t T 0.167~0.225%%, Bk A1 A Foll &= 0.132~
0.170%= Fe] Ao w 2HAskql 1(/X0.05), B4 E(5F)
= o7 A 0.412~0.467%2] FAke] o3} &= 0.157~
0.365%=(/X0.05), &4t 214 F-ol= 0.143~0.280% % +
oK o2 F+AsTH(/X0.05). F4F #AW S vlwg A
3} BTB+NR A A& ARE-3F -9 Atubde|of A g
o] F4F #=ke 747} 0.105~0.123%<F 0.105~0.200% =
A A e e F4F 71 A<l 0.5(acetic acid%) ©]3F=
A5 Ak v AOAC #4192 phenolphthalein &2
= 449 49 S Agdele £ gge 2
0.129~0.154%<} 0.130~0.255%% 1, pH 8.25 A4 4
3 49 0.137~0.162%%} 0.140~0.279%= YER} F
ol #=A yEbsth. BTB %C’“ o7 A B¢
BTB+ NR A|A]oF& AFE-3F 7-¢-1 =31 AOACH R TH
= W2 Bo® FRlEAnh 5‘%51 7142 ox-
alic acid, malic acid, citric acid, lactic acid, acetic acid+
succinic acid¥ 2™, malic acid= H¢ [E A3t &
wA g o)A 0.030~0.134 mg/mL, acetic acid+ succinic
acid= 0.056~0.372 mg/mL, lactic acid= 0.127~0.776
mg/mL= A utd e Autd e vaA wol 35
$laL, citric acid® ND~1.159 mg/mL=Z #4 %At}

¢

o o ]

r*HU

A= 2015 A F ol oFEeh A o A H] (15162
A Zol04)E Sl Eom oo FFA=eu T}
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