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Effect of Peeled Lotus Root on Physicochemical Properties

Dong-Ju Hwang, Eun-Jung Kang, Jin-Sook Kim' and Kyung-Mi Kim

Dept. of Agro-Food Resources, National Academy of Agricultural Science, Rural Development Administraction,
Gyeonggi 441-857, Korea

ABSTRACT

This study evaluated the qualitative properties of lotus root (Nelumbo nucifera) peels as food materials. Proximate composition,
sweetness, pH, total acidity, color, mineral, fatty acid, free sugar and organic acid contents of preprocessed lotus root were
measured. Crude moisture, protein, and total fiber contents of non-peeled treated Lotus roots were higher than those of peeled
treated lotus roots (p<0.05). Lightness and yellowness of color were reduced by peeling process, whereas redness increased
(p<0.05). The mineral contents of Mg, Ca, Fe and Na were higher in non-peeled lotus roots, whereas peeled treated lotus root
showed higher K contents (p<0.05). The major fatty acids were palmitic, oleic, linoleic and linolenic acids. The total free sugar
content of non-peeled lotus roots was higher than that of peeled treated lotus roots (p<0.05). Glucose content was not significantly
different, whereas fructose, sucrose, and maltose contents were significantly different. The organic acid and free amino acid

contents were higher in peeled lotus roots (p<0.01).

Key words : Lotus root, peeling treated, quality, fatty acid, free sugar organic acid

M E

A(Nelumbo nuciferay= 3=, 5=, 4 52 T4 v
gho] Folup SR A et thd A FREA 7 E B
g, &7]9] & F&o] FojA] 2802 o] &xo] STt Lee et
al 2007). AAX(Lotus root)2 T Ztfg o 2 ¥ie]7} olye}
gE&Z7]olH, ulguig 2 4= o] glo] thE A& dele)
= I AAANZF EEY A2, 9, rheF 22 Al Ae
Afdo] F5ata, 227t @& 2Fo = AU wi&
o) &S BT 7lee 7 olo], 1A Eo R 4]

7} F7keka e FAlolth AT Sl diEo] e Al
o] FezHEo] AAE e AL diele] I

< A7, A AL EAQ] oA ZS YA A
o] oWyt Avta A A thHan & Koo 1993).
A #we AA7A Y] A= A B (Hu & Ski-
bsted 2002), 74 A E(Han & Koo 1993; Fukuda M 1988, Fu-
chigami & Okamato 1984; Yang et al 1985), Z2]7}&(Matsuo
et al 1991; Cho et al 1984) 5o St} HT AL, 9 2

*Corresponding author : Jin-Sook Kim, Tel: +82-63-238-3555, Fax:
+82-63-238-3842, E-mail: preetyjs@korea.kr

[e]
2 Ao W2 7hE
et al 2012). 53] Ze|7hgel A A7er = daatd o
T8 AZAA A2 BES 7217 Al T (Lee et al 2011), Al

WHKim et al 2011; Seo et al 2008), S -(Park et al 2010),
E& Patty(Choi et al 2012) 5ol oA H7p], JFdE,
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0]3}82 EX(Lee et al 2010), ZH A A] =]
S9] AA2] WH AT (Park er al 2001)7}F
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Atk BHakA] e 7Y A2 FA F AA @55
o] 4 mm 7|2 &eko] ~(SS-slicer, Shimomura, Japan)3}e]
50C €% 7427](DS-240BC, Dusung Co, Busan, Korea)ol|A]
6413 Axskqinh Wulgk AATe] AL 7ot LT
WHo R FA 3 A g6t YA AR/ 1 =75
ARg-ste] w5k o] F, 4 mm A7 2 FEko| 23k 50
ol 6A17F Azt A% 2 B4 7)(HR1378, Philips,
Karner, Slovenia)® 5%t 3¢k 8 A 5= 4T A2 A
Zarol] HshHA] A&tk fE9, f714F 24 9%
EFEZL Sigma(St. Louis, MO, USA)oll A 43t AL&
stom, 1 Btof] AMEH FE80) 9 A] 22 analytical 3
HPLC 5d2 AH&3Isith

N
e
L
0x
H

[

o 02

micro-Kjeldhl 2.2 A5 Tl d F-A7](Kjeltec 2400 AUT,
Foss Teacator, Eden Prairie, MN, USA)E AFE-8}1al, FA
-2 Soxhlet F=7](Kjeltec 2400 AUT, Foss Teactor, Eden
Prairie, MN, USA)E AH8-3lo] A8t oM, 24w 240
ZZ7](Fibertec system M 1020 Hot extractor, Foss Teacator,
Eden Prairie, MN, USA)Z Z43l5]th & 2ol 4= 246
ZZ7](Fibertek 1023 system, Foss SWE, Eden Prairie, MN,
USA)E A3t FZsielth

3. g X =

GE, pH B FAEE A8 4 g& SHFE 108(wiv)
233}o] homogenizer(Ultra-Turrax T25, IKA Laboretechnik Co.,
Staufen, Germany)® T2 3}3}L, 32,500 x gol|A] 1583+
A & A9 e 24 G=A(PR-101a, Atago Co.,
Ltd., Tokyo, Japan)= 243} “Brix(%)= YT A
FZ 99| pH+= pH meter(Orion 4 STAR, Thermo Scientific,
Beverly, MA, USA)E ©]-8-3fo] 33] ke S & H gk

S AEE A, AR E A5 10 mLol| SF7<F 40 mLE

A% - 31737

HOoFA o} RATHEETE

A7kete] 843 F pH meterS ©]-8-3te] A5 <] pH7I 8.3
o] & w7kx] 0.IN-NaOH= AAsl93om, ojuf A~ 8% NaOH
SAE citric acid(%) 2 B4Fste] JERATHChae et al 1999).

4, NE 2

—
G o

M

x
Sy
A 85 4% F 5] petri-dishol] B2 2 2A|(Chromateter,
CR-300, Minolta Co., Tokyo, Japan)E ©]-&35}o] L(lightness),
a(redness), b(yellowness)# S 33] =4 sle] Hgto 2 Jet
Halck o] wf AMSE EFE WAl L, a H b @2 27
95.73, —0.16 3 2.83°] 31t}

CP-OES(Optima 8300, Perkin Elmer, NY,
USA)E &3¢ &4 A8 v 2ol 2= dnh Al oF
0.5~1 g& #3to] A%+ 10 mLE ¥l Microwave(MARS-5,
CEM Corp. Matthews, NC, USA)E ©]-&3lo] E3|lsith
Microwave®] %71, 1200 W, 800 psi, 200, 4523t ] 2]5}
$33L, Microwave system®| program-2 3%HA| 2 Table 13} Z
o} B3t Al g Wgstked 100 mL F-u]ZekaTo] &7 3
g3lo] Alggdoz IFTHeF 0.5 M Azh, FFEEA T} A]
Sd 37} A|E-gd-S ICP-OESe| FY3le] Algdg9e s
TSty B80S Multi element calibration standard
21(100 pg/mL, Perkin Elmer, NY, USA)E 0.5 M Zjto 2
sty Yale FEE AR T, 459k ICP-MSe]

B2 274E Table 29 2t}

M oo

A HPAE B2 Han & Koo(1993) A+ A@HPH o2 A4
SIARALAIR F 1 g& T Zek2To Y WAl 10 mLF}
0.5 N NaOH/MeOH &9 7.5 mLZ 7}t 1507C2] sand
bathol| A 3083t 7143k 3 10% BF3/MeOH 7.5 mLE 7135}
o] A3t 259] sand bathol| A 30E-7F WH-S-A| AT o] A
Wste] Bl Z)7)o] ¥ o2 10 mLe] CH.CLE ¥
Wyt B2t S 38 whESle CHCL S5 Rof &%
o] NaSOs& G517 F 3} w53dte] GCol| FUskith
oluff A4t ek #2412 Gas chromatography(Agilent Tech-
nologies 7890 series, Palo, CA, USA)E o] &3l on, 4

Table 1. The program of microwave system

Step Type Power (%) Temp. (C) Time (min)
1 Ramp to temp 100 200 15
2 Hold 100 200 20
3 Cooling - - 10
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Table 2. The optimum condition of ICP/MS

ICP-MS condition

Nebulizer gas flow (mL/min) 0.55
Auxiliary gas flow (mL/min) 0.2
Plasma gas flow (mL/min) 8.0
ICP RF power 1,450
Viex dist 15.0
Pump parameters 1.50
Element Wavelength Plasma view
Zn 206.200
Fe 238.204
Axial
Ca 317.933
Cu 327.393
Na 589.592
Mg 285.213
Radial
K 766.490
Mn 257.610

Z71€ detector, FID(Flame Ionization Detector), column, SP-
2560(100 mx0.25%0.2 um), oven temperature= 170°CI A 15
B AR F, 2910 2 %, 180T A 1523t #A
shal, £ 3T & F 245ColA 1383 FA18I T In-
jector temperature™= 225C, detector temperature 285C, carrier
gas, He; flow rate, 0.75 mL/min; Split ratio 200:1°]1t}. A
HhAke] A ake YE-E =52 undecanoic acid(C11:0)2] & o]
71Este] AlLketadan, AAE 2EEAe WA 2FEF 37
Z(FAME MIX C4-C-24 2, 100 mg/mL)S ©]|ASE &9 3
mLe] o] A §, FFEAoR ST

7. 2l s 2
=3

HESE

i

g A4S 93 AR Alxe 226k
100 meshol] W& £ 1 gol] 7S 40 mLE ¥ homo-
genizer(Ultra-Turrax T25, IKA Laboretechnik Co., Staufen,
Germany)E ©]-&sto] &gk & 3AI%F Bt FeedA =
slod 1, 224 94122} 10,000 rpm, 10 min, 15,000 rpm, 15
min)3F3th 592 Whatman No.2 o] #A| 2 o]3}3}1, 100
mLZ %83}tk 0.2 ym membrane filter2 o] 7}5}o] Agilent
Technologies 1200 series HPLC systems(Palo Alto, CA, USA)
2 BNtk feld B48 913 glucose, fructose, maltose,
sucrose 3 E- Sigma(St. Louis, MO, USA) #| & A&
sttt fEld =% Al HPLC 422712 column© 2 carbo-

w3 gl whe AAe doel olghed 54 795

hydrate column(4.6x150 mm, 5 pm, Agilent Technologies, CA,
USA)E AFE-3199 a1, 7 7] Refractive index detectorS A}
L3519 0™, o] FAE acetonitrile : water(70 : 30, %(v/v))E 1.2
mL/min £52 ZH 51, sample 5 LS Fsko] BA18}

9 THKim & Sung 2010, Kim et al 2010).

L 23 O

acid, succinic acid % lactic acid®] FTF-2 Sigma(St. Louis,
MO, USA)A 43l A3+ T} HPLC(Agilent Technolo-
gies 1200 series, Palo, CA, USA)Z #213}%12™, column
Aminex HPX-87H column(1.7 um, 300x7.8 mm, Bio-Rad)E
ALEEFA a1, o] B4 0.1% phosphoric acidS 0.5 mL/min <
=2 Z8FH, sample 5 uL¥ FY3ke] £4819tHKim et
al 2010).

9. welojo|=it E4

AZEWL 0.5 g2 FFHS 30 mLol ¥iL 723} 2 =3}
o 4T, 10,000, 15,000 rpmellA] 2+ 1087t 1,23 L4 22
of AL A=ol-S membrane filter = 33+ TS, =5F
3l 50 mLZ %83t & 3433} Ultra-performance liquid ch-
romatography(UPLC) 2 #4183 th. Column- AccQ - Tag™
Ultra column(1.7 pm, 2.1x100 mm, Waters Co., Milford, MA,
USA), €7)& AccQ - Tag™ Ultra eluent(Waters Co., Milford,
MA, USA), flow rate= 0.7 mL/min®|%\ 3, Z7]+= UV de-
tector(Waters Co., Milford, MA, USA)& 260 nmol|~] &% 3}
ATHKim et al 2013).

o
N

10. E4| XMzl

2 AT A= BAEAE =273l SPSS version 12.0
K(SPSS Inc., Chicago, IL, USA)E o] &3ty EA X e]sla,
ZF ATt kel o HEL ttestol] 23l ¢=0.05 ol A

#ol1 2ol2 Az,

1. ety E &3

uhy] of Hof] M2 AR ] NS B3 A=
Table 37} 2t} W3lA] &2 ATELLE FH(7.40%), =
TH(8.14%) B F Aol F(11.43%) FFo] BT g A
TEURT 2931(p<0.05), 23], 22 o] ke vhy)o
w2 zpol7h fAdth el w2 A Al F 23
o] ~¥o] utulslA] RS AZHT O ol Ftele] W%
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Table 3. The proximate composition of dried lotus root powder by different pretreatments

Moisture (%) Crude ash (%)

Crude fat (%)

Crude protein (%) Total fiber (%)

Non peeling 7.40+0.15" 4.80+0.03 0.50+0.03 8.14+0.04 11.43+0.24
Peeling 5.42+0.11 4.75+0.04 0.44+0.04 7.42+0.08 9.98+0.01
t-value (p-value) 18.67° (0.00) 1.77 (0.15) 2.43 (0.07) 13.84™" (0.00) 10277 (<.01)
D Means+S.D., ™ p<0.01, ™™ p<0.001.

T& B veA] g2 AT W Aol ¥ wsk A= 2 Aok 22 Aol th(Jeong er al 2006).
o ARk oz Ao Qo e A FE FE0] 60~

Koo 1993), Shin & Kim
(2007)9] AF-ellA ALEEe] RIS T 7.34%, 3]
4.89%, ZTHH 5.85%, AW
T-o] vt A AT vl as) % Tz s E2 9 A
°l7P Ao, Z22o] 0.5%. ﬂ01 8.14%% LF o]
HAEd, ol A A4t z] % A

ﬂﬂ IS i

AFe ol 23 Bt 59 IS xR s
o 7tEAeE #4
LE2 Qg

, AeFe] F3(Jeong et
WA QAR Fefol] vlal] A7 d 2 <t
o] dA obﬂ Holx|= FA1H o] EAETHSon SM 2007).
Hha] of Heof Aol B pH 9 FAkEe] 24 A
Table 42} ﬂu} pHE 6.562 ¥t gt o] ululslr] ¥e
ATHT) =3k, Gt F Abme vl 9]¢t Aol & Ho]
2] &ATH(p<0. 05) Park et al(2001) E.110] o]&pA FAjz] A
29| pHE 6312 & AFolA Ho] of Fof 2§k A2 pH
6.52, 6.569F 72 FFAFEE 3 EAAIR 7]EF AR S
sl AF 222 AT A2 pH 4.32~5.23%E THE 3
eIt =gk wulub o] whE A29] pHE 6.5~6.85

al 2006) 52 AA

Table 4. The sweetness, pH and total acidity of dried
lotus root powder by different pretreatments

Sweetness H Total acidity
(°Brix) P (%)
Non peeling  22.00£0.00"  6.52+0.01 0.50:£0.00
Peeling 21.33+0.58 6.56+0.00 0.49+0.00
t-value 2.00 —6.93° 2.17
(p-value) (0.18) (0.02) (0.10)
"Means+S.D., * p<0.05.

=]
ATETe

=

of fof] wE HA e
Table 5%} Fig. 19 YERHSITE Park et al(1998), Park et al
2001yl 9Jetd A2 urg R 13}t polyphenol oxidase
(PPO) EAHHE-0] &ste sty Sxle]o] £4 540
FEFe T R At old Biel ELYsIE Qe
A E stAY A e B 2 5] JAle] okl
< 2 AAE E4F T e RS AES] Sl vl
ol w2 Ae] o|glehA

A 2 L, LSl o

AN 1:&7@ 7%,}‘—

Ei
B ;quag Holt} 1311/} Fig. 19] ZjZ:?ﬂELr% =23 5kl
< 7%, wiwld] €] Ao Aol & Setow Helat 4 gl
ek thek AzA G o3 w o] LEEE 87.05, bRke
14492 WUl TR o Wa o el S Holk 2
o2 Yehd &4010131 ZMEE el = agh2 0.82% H]
o) ALET T ol Skt (p<0.05).

4. 2713 B 24

ulg] o o] we o

e
o2 =
Table 63 2t} vl g, 24, 45, 4, YEF, 4dF, I

Table S. Hunter’s color values of dried lotus root powder
by different pretreatments

LY a” b¥
Non peeling ~ 82.860.05" 1.67+0.01 12.70+0.03
Peeling 87.05+0.07 0.82+0.02 14.49+0.04
t-value —83.85" 68.15° —70.64""
(p-value) (0.00) (0.00) (0.00)

DL : lightness (100=white, 0=black).

P a : redness (—60~+60, —=green, +=redness).
» b : yellowness (—60~+60, —=blue, +=yellow).
Y Means+S.D., ™" p<0.001.
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Peeling — Drying — Grinding
Fig. 1. Lotus roots added with prepared condition.

9 FrldF AES ICPE o] &3] Akt A

T8 l'%?lél& Z4E, <l ZF, vk, UEF To8 UrE}
Wtk ZE e 9 ek Aol 2,046.83 mg/100 gO & BF
5hA] e ASET =93, 1 A e veR
Q13 2jo]Z Holx| ekt 21 mhau|45(82.82 mg/100
), Z(109.87 mg/100 g), 2(20.81 mg/100 g), YFEE(71.81
mg/100 g)& B uly]elx] ek o] kg A HL) =

UTHP<0.05). 53] Ho| -5, T Y&l v|3)] HiFo] 2
Zog Eo], A AAo| F IS o] ¥ 9= A

o7 oFE, de R A ek i o] B asith
Yang et al(1985)°] QoA o] ¥ejol= A, nl1v4,
UEFo] Foidog EA HE=Avka Easklal Jeong
et al(2009) 59 ATl ZE, <, YEF To= Wd
HElo] 39 FUIYECRE Busielh o= B A7 7
| f@r‘j’h‘ﬂr‘:‘ T Apol7t Sle Ae' Ho, ol dAde

T3 FAA ol w2 ko] tolrt WSt o R Als

] of Flof] w2 AT AWt e 54 Ade
Table 72} 2t} EX3X| W4 F oleic acid(53.67 mg/100 g),
linoleic acid(135.33 mg/100 g) &2 ¥a] gt Aol w3}
A & AZHT = THp<0.05). 3FAITF Y A] palmitic acid,
stearic acid, linolenic acid, behenic acid®] &2 Hlm| & <]

3k 2Fo]= §lTHp<0.05). Han & Koo(1993)9] =<, ¥, <

Table 6. The minerals contents of dried lotus root powder
by different pretreatments

Minerals Non peelin Peelin f-value
(mg/100 g) P B B (p-value)
14.47™
M 2.82+0.76" 11+0.52
g 82.82+0.76 75.11£0.5 (0.00)
Ca 109.87+1.94 90.16+0.06 17.59
(<.01)
—6.90"
K 1,969.67+12.00  2,046.83+15.22
(<.01)
58.06""
F 20.81+0.54 2.4740.
e 0.814+0.5 7+0.09 (0.00)
49.24™
81+0. .19+0.
Na 71.81+0.59 53.19+0.29 (0.00)
—0.43
.120. 13£0.01
Se 0.12+0.03 0.13+0.0 0.69)
0.59
P 276.28+48.97 259.11+11.48
0.61)
Y MeansS.D., ™ p<0.01, * p<0.001.
o] A4 AR A Aol oot Aol 8 A Ak

i
[o
fru

linoleic acid, palmitic acid, oleic acid 5°] <2} e

= a, o] 5] FAAE thH] 97.7% o] el At & Aol
A= o9} e ko 7 A F2 X|HMES linoleic acid,
palmitic acid, oleic acid® YERd Zo] Zo], o]E A|ito]
Z A PAKE] R A2 295.33 mg/100 g, BFE A 307.66 mg/
100 g)° 90% °l’d2 2FAske A o= vyttt Bl ¢
3 Al AL Bl o, o gheke] xjole A &
e ol ther o] 44 el F kol Aol
F714 9 fl9 o) AuAeR we Wil 24,

J O

>

& vehgeh. ol Y AR g

[

o] 7ol thall & &4

o ]
3 Aoz Hwelrh

] of o] 2 AZwEe] fEld i 4 23, Table
83} o] fructose, glucose, sucrose 2 maltose”} HZ% Tk
vl S1A] 9k A2] fructose(1,572.34 mg%), sucrose(4,033.13
mg%), total free sugar(9,569 mg%) o] a3t ATHT}
=943, maltose®] 2 w193k o] ] =34t} Glucose
£ ghgof 93k Aol §IRUTE Son SM(2007)2] Aol A 1Y
A9 g B4 2, glucose 555.95, fructose 168.82,
rhamnose 481.47 mg/100 g 2 X 115}9 31, Han & Koo(1993)
o] Ao A QI E A AT A 7% fructose 12.9%, glu-
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Table 7. The fatty acids contents of dried lotus root powder by different pretreatment

Abbreviation (mg/100 g) Common name Non peeling Peeling t-value (p-value)
C16:0 Palmitic acid 82.33+0.58" 84.33£1.15 —2.68 (0.06)
C18:0 Stearic acid 6.00+0.00 6.00+0.00 -
C18:1 Oleic acid 52.00+0.00 53.67+0.58 —5.00" (0.04)
C18:2 Linoleic acid 124.67+1.15 135.33£2.08 —7.76" (0.001)
C18:3n-3 Linolenic acid 27.33£0.58 26.00+0.00 4.00 (0.06)
C22:0 Behenic acid 3.00+0.00 2.33+0.58 2.00 (0.18)
Total 295.33 307.66 —6.77"
YMeans+S.D., * p<0.05, ™ p<0.01.

Table 8. Free sugars contents of dried lotus root powder
by different pretreatment

Table 9. Organic acids contents of dried lotus root powder
by different pretreatment

Free sugars ) ) r-value
1 Peel

(mg%) Non peeling eeling (p-valus)

Fructose  1,572.34£2.95"  1,553.7747.49 693
T e (0.00)
Glucose  1,792.8248.03  1,788.1013.64 0-89
T e (0.39)

Sucrose  4.033.13+77.11 3.356.99+50.94 21.95™
u ,033. . ,356. ) 000

Malose 2171165104 217608:126 OO
S R (0.00)

2293

Total A45481.4 4.94+40.1

ol 956945148 BETAOALOI9

YMeans+S.D., © p<0.01, ™ p<0.001.

cose 11.4%, sucrose 31.8%= H 113} =0, sucrose”} A2

eald g 2 1 2o AL TAgg o), 1 g-gako
Ae & ATt ke Aol & Btk B A 27 vim 2
o1&l sucrose Ee] THAE total free sugar o] HAdH=
a2 Uehllen, o|& Qe dx A EEe] vl
S njE Aoz AlgHch

[}

b1

o oh‘,

] of Flof] mE AR frA T S Ade
Table 99} 2t} f714F B4 A3} oxalic, citric, lactic 2
acetic acid’} 7AE % %131, D-malic, succinic 2 formic acid+
HEEA] Fkon, ualgt A2 f7]4k o] vhushA|
e ATHT} E3THp<0.05). Yang er al(1985)2] -0l A
I 9] citric acid7} 132.2 mg%, acetic acid 19.7 mg% =

citric acid7} 4] 32 = 71 =& ek Bty B st

Organic acids N . Peeli t-value
(mg%) on peeling eeling (p-value)
—83.33"
ic aci 186.52+ 4.48Y  312.75+ 0.
Oxalic acid 86.5 8 312.75+ 0.76 (0.00)
—20.30""
itri i 261.38+ 2. 287.98+ 2.
Citric acid 61.38 85 87.98 70 (0.00)
D-Malic acid ND? ND -
Succinic acid ND ND -
Lacti id 318.89+13.82 662.91+£29.67 —31.537
actic aci . . . . (0.00)
Formic acid ND ND -
—25.73""
Aceti i 35+ 1.1 2.38+ 6.1
cetic acid 338.35 7 392.38+ 6.19 (0.00)
—43.45™
Total 1,105.14+17. 1 .01+33.
otal ,105 7.50 1,656.01+33.77 (0.00)
D Means£S.D., ? Not detected, =~ p<0.001.
e, B A Azol|A citric acid Bt} lactic acid7} ©] =
2 oz AEHL ol A A3 9T AX(50T)3H
= A oA nxt, Arkte] BRI} ofsi A 1gE
I A= Aol B 2 actic acid o] o] d UFEH AZe
5

lactic acid SFFHT} Folxl Aoz o JHt)

8. waloto|i=th 24

ukg] of Jfof mE AZELe] fe ot B die
Table 107+ 2t} AZe] Felopn|wite] F/e v=F A=
H cysteines AL 16F o|& oAt F

= v

o
arginine®] 3| SkA] 952 A 7% 3177.08 nmol/100 g,
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Table 10. Free amino acids contents of dried lotus root
powder by different pretreatment

ws f7o) mE AAe d2ol olse 54 799

Amino acids Non lin Peelin t-value
(n mol/100g) on peeting eelng (p-value)
—935™
|| 20.13£19.03"  465.36+32.
e 320.13+19.03 65.36+£32.95 0.00)
—13.69™
L 245.34+18.1 4.21+14.2
eu 534+18.13 37 5 0.00)
—7.39"™
L 1.03£18.02  154.12+16.21
ys  81.03+18.0 5 6 0.00)
—12.40™
Met  111.70£9.1 204.48+15.
e 7049.16 04.48+15.88 0.00)
Essential Phe 123.61+1040  163.49+5.66 —8.25™
‘ ‘ i (0.00)
THr 4785041999  669.67:4836 00>
i ‘ ‘ ‘ (0.00)
—10.34™
Val  577.81424.69  821.57+52.20
a (0.00)
His  18453+13.60 2528741700 %
‘ ‘ ‘ ‘ (0.00)
—10.90"
Total 2,122.64+95.92  3,105.76+199.10
ol % ’ (0.00)
—15.28™
51442, .62+35.
Ala  559.51+42.35  904.62435.62 0.00)
Asp 3392642556  372.17+20.53 246
P SO A= (0.03)
—35.66""
A 177.08+94. 4,890.54+69.54
rg 3,177.08+94.96 ,890.54469.5 0.00)
—4.80"
Glu  163.57+1628  222.84+425.53
(<01)
Non —15.79™"
+ -
essentia] O 5587404 103.61+6.21 0.00)
Pro 944441299 1512541321 0 1
i ‘ ‘ ‘ (0.00)
Ser 5313242452 7668445450 00
: i ‘ ‘ (0.00)
—22.52™"
T 5347 498.50+13.
yr o 356.53+7.33 98.50+13.59 0.00)
24347
Total 5,277.59+209. 10.37+162.
otal 5,277.59+209.58  7,910.37+162.05 0.00)
Total 7,400.234304.85 11,016.13+346.16 —1920™
e : o ‘ (0.00)
YMeans+S.D., * p<0.05, ™ p<0.01, ™" p<0.001.
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