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Physicochemical Properties of Dried Burdock (Arctium lappa L.) Powder
in the Peeling Process

Dong-Ju Hwang and Jin-Sook Kim'

Dept. of Agrofood Resources, National Institute of Agricultural Science,
Rural Development Administration, Wanju 55365, Korea

ABSTRACT

This study evaluated the qualitative properties of burdock (Arctium lappa L) peels as food material. Proximate composition,
sweetness, pH, total acidity, mineral, fatty acid, free sugar, and organic acid contents of preprocessed burdock were measured.
Crude ash, protein, fat, and total dietary fiber contents of non-peeled treated lotus roots were higher than those of peeled treated
lotus roots (p<0.05). °Bx, pH, and total acidity were not different in the peeling process. Redness and yellowness of lotus roots
were reduced by the peeling process, whereas lightness increased (p<0.05). The mineral contents of Ca, K, Fe, and P were
higher in non-peeled lotus roots, whereas non-peeled treated lotus root showed higher K contents (p<0.05). Maltose content
was not significantly different, whereas fructose, sucrose and maltose contents were significantly different. Total organic acid
contents were higher in non-peeled lotus roots (p<0.01). However total free amino acid contents were higher in peeled lotus

roots (p<0.01).
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MO, USA)"“H ‘—rL Ut AMESFH 3, bt Add AlgE
FZgu 2 Ak analytical 2 HPLC 552 AHE-5FSIT]

g2
2 550Ce Ai = Zqﬁli}‘?j, Zek gHak2 Semi-
micro-KJeldhl‘?é o7 2 dE BA7](Kjeltec 2400 AUT,
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Foss Teacator, Eden Prairie, MN, USA)S ©]-&3}%it}. &2
o &4 2dF F=7|(Fibertec 1023 system, Foss Ana-
lytical, SWE, Denmark)S A}&-5}5]

3. °Brix, pH ¥ & At

°Brix(¥ %), pH, 181 F A==
o ZR5E Ho] 54
IKA Laboretechnik Co, Staufen, Germany)Z T&3}3F %
32,500 xgol|Al 1581 dAlEeste] S FHstdth 1
HE ol g 4 YEA(PR-101a, Atago Co, Ltd,
Tokyo, Japan)® 33| ¥H& Z2d3}a1, “Brix(%) = B ata Y
ERJ %3, pHE pH meter(Orion 4 STAR, Thermo Scientific,
Beverly, MA, USA)Z ©] ﬁﬂ@% 33] WHE St 1w
of FERE oSG F AL FE 10 mLS} RS
40 mLE 4191 ¥ pH meterS ©|-&3l] pH7| 8.3°] 2 uj
712l 289 0.1 N-NaOH2] < citric acid(%)= &kl
YERA I THChae SG et al 1999).

A& 3 goll 108l(wiv)
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e = oF 3 g9 A5 WA S petri-dishell B2 - A

Z}A|(Chromateter, CR-300, Minolta Co., Tokyo, Japan)E ©

—

£-3l] L(lightness), a(redness) & bk(yellowness)S 3% |t
& SAslo] FoghS JeRfAT) o] uf e L, a
2 b g 27 95.73, -0.16 2 2.830]%]th

ICP-OES(Optima 8300, Perkin Elmer,
-85t 33] WHE FAste] gk UERIRL
SE05~1 g2 3 F 05 M 24k & 10 mLE ¥
11, Microwave(MARS 5, CEM, USA)Z E3al3l31t}. Micro-
wave: 1,200 W, 800 psi, 200T, 45%-3F A gjsle] 3GA =
T2 38 eI ti(Table 1). 33k A1 2E v £ 100
mL WAZepaTe] 0.5 M FAte 2 Fgale] B4 A8R
AHgelth 2E8 YT A|2E ICP-OESel| FY3te] A 59
FEE SOt B892 Multi element calibration stan-
dard 21(100 pg/mL, Perkin Elmer, ICP grade)E 0.5 M 24t
o= FXsle] EAsl9t). ICP-MS(ELAN DRCe, Perkin
Elmer, CT, USA)2] #4 2712 Table 29} 2t}

ShF BA2 AlR 1 gS round flaskel] ¥ & wl
A 10 mL<} 0.5 N NaOH/MeOH £ 7.5 mLE €11, 150C
o| A} 3087t 71¥3E T 10% BFy/MeOH 7.5 mLE 7}at]
150°ColA 3087 whesldn) ke Tl 1 Bhsle] Bl
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Table 1. 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

Table 2. The optimum condition of ICP/MS

ICP-MS condition

Nebulizer gas flow 0.55
Auxiliary gas flow 0.20
Plasma gas flow 8.00
ICP RF power 1450
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 285213
Radial
K 766.490
Mn 257.610

Zj 7)o Y& & 10 mLe CH,CLE 7}ste] £33, o]
A& 33] ¥HESle] CH.CL T2 Bol 53ttt A4t
=¥ 292 Gas chromatography(Agilent Technologies 7890
series, Palo, CA, USA)E ©]-&35}e] 33] Hby HAsle] o
2 Wdth ouf 4 Z7& detector= FID(Flame Ioniza-
tion Detector)E ©]-83}% 1, column< SP-2560(100 mx0.25
x0.2 ym)E ©]-8-3F T} Oven temperature= 170 Col A 155

ZF 6X% & 1C/ming £=2 180C7H4] &8 & 1587t
fA8t1, 3C/mine] £E2 245C7H] &8 & 1387 §X

S} Injector temperature®} detector temperature= 272}
225C9} 285TC0] AL, carrier gast Hes ©]8319aL flow
rate-> 0.75 mL/min®| 1. 2-™, Split ratio= 200:1°] At} X"
b 2 WE- 3522 undecanoic acid(C11:0)2] H&-E- 7]
Fog ARtetdan, At RS At BEE 37F

(FAME MIX C4-C-24 2, 100 mg/mL)< ©]&=SEH8-o 3 mL
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9% E242 100 meshell Wz 4
Zkel A& 1 goll T/ 40 mLE 7}
3Fo] homogenizer(Ultra-Turrax T25, IKA Laboretechnik Co.,
Staufen, Germany)E ©]-83l] 723} gk & A -2oA] 3AI7E
B9 FE3 2, 1, 22k YAEE (@ 10,000 pm/10 min,
15,000 rpn/15 min)ate] FEdS FH3HATh o] B
Whatman No. 2 o]Z}A] 2 o]3}3}tar, 100 mL2 3 -83F £ 0.2
um membrane filter2 ©J2}3}o] Agilent Technologies 1200
series HPLC systems(Palo Alto, CA, USA)& 33] wvHE 1.X
sto] Hzkg ®718k8th HPLC 4 Al column carbo-
hydrate column(4.6x150 mm, 5 pm, Agilent Technologies)E
AL8-3191 31, &7 & Refractive Index Detector® AFE-51%
o, o]% 2 acetonitrile : water (70:30, %(V/V)S 55 1.2
mL/min £58 E2]FY 3, sample TS 5 pLo]AthKim
JW & Sung KH 2010; Kim HY et al 2010).

logies 1200 series, Palo, CA, USA)2] ¥4 A] columne Ami-
nex HPX-87H column(300x7.8 mm, Bio-Rad)S A}&-31%1 1L,
o532 0.008 N sulfuric acid& % 0.6 mL/min =2 &
#5031, sample 10 pL¥ FU3ke] B2 tHKim HY et
al 2010).

9. welota| =4t &4

A& 0.5 goll FF7F 30 mLE Yol #2432 323 5,
4T A 10,000 rpmT} 15,000 pmC.2 7t} 1054 24 914
Eo]3te] 5N E membrane filter2 @319 1, SHFE
50 mLE 83 § s]Asto] AgsIith SME AEE 02
um membrane filter2 <] Z}3t & UPLCE £4315 =4, ©|
] 271 AccQ - Tag™ Ultra column(2.1x100 mm, Waters
Co., Milford, MA, USA), S| 2 AccQ * Tag™ Ultra eluent
(Waters Co., Milford, MA, USA)Z AF&-&lglon, 42 0.7
mL/min®| %12, UV detector(Waters Co., Milford, MA, USA)
2 260 nmol|l A S =], BE 7 33 ukE S35k
A JERAATHKim KM et al 2013).

10. S7 Xz
B AT Aos BAEA S Z2 3921 SPSS version 12.0
K(SPSS Inc, Chicago, IL, USA)E ©]-8-3to] H3} F-HAF
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To] =% Z3}+= Table 49 2t ke
&S $-9jo] 22.00+0.00 °Brixe|1 1L, Bl 3 -9
0.58 °Bx= 222l 2ol gldth 18]3 pHE 247} 6.12
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Table 4. Brix, pH, and total acidity of dried burdock
powder by different pretreatments

Brix ("Bx) pH Total acidity (%)
Non peeling 22.00£0.00"  6.12:0.00 0.6240.01
Peeling 213340.58  6.12+0.01 0.62+0.00
t-value (p-value)  2.00(0.18)  1.00(0.42) -1.26(0.27)
Y Means+S.D.
A 5% £ pH7E 6.00~6.17% 2 AT Arelw AL

o] Mx =% A= Table 59 2
< phenolS quinone&-& 2F8}A|7] a1, T
Al TEAIA melamne AYA171 a1, HAA 7= Bofste
polyphenol oxidase®l 2|3l {7 ZWAst= 54 7K )
G141 ¥ skl Al Aol Aol BEEYel el
Bl EtHLim JH et al 2005). x4 2o

ol w2 Ao QloiA, ¥ eRE Late sk
&2 Yol 80.78+0.04, W3] $-Jo] 85.06+£0.02= H}

et
W

Table 5. Color values of dried burdock powder by diffe-
rent pretreatments

Color value"

L a b
Non peeling 80.78+0.04% 1.49+0.01 11.92+0.03
Peeling 85.06+0.02 1.19+0.01 10.030.03
—183.61™ 31117 82,717
—value (p-val
fvalue (p-value) - 50 (0.00) (0.00)

D L: lightness (100=white, 0=black), a: redness (—60~+60; —=green,
+=redness), b: yellowness (—60~+60; —=blue, +=yellow).
? Means+S.D.

S(2012)& Avkel 298 4T} 25T A 1447 Az P p<0.001.
Table 3. The proximate composition of dried burdock powder by different pretreatments (%)
Moisture Crude ash Crude fat Crude protein Total fiber
Non peeling 5.65+0.06" 3.37+0.02 0.66+0.01 9.06+0.17 28.40+0.07
Peeling 5.59+0.07 2.67+0.06 0.54+0.04 3.37+0.01 20.73+0.34
t-value (p-value) 1.13 (0.32) 18.84™2 (0.00) 4.85™ (0.01) 7.05™ (0.00) 31.29" (0.00)

Y Means+S.D.

2" p<0.01, ™" p<0.001.
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i Non peeling — Drying — Grinding

Fig. 1. Burdock with prepared condition.
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TollMe At Axd 42 594 FAFo] At A2l ot
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Table 6. Mineral contents of dried burdock powder by
different pretreatments

(nig?%rglsg) Non peeling Peeling t-value (p-value)
Mg 211.78+ 3.46"  228.07£1.65 —6.62 (0.00)
Ca 203.90% 6.55 164.67+1.03 10.25™ (0.01)
K 845.18+15.10 542574495 32977 (0.00)
Fe 15.86+ 0.98 3.34£0.08  22.09” (0.00)
Na 98.72+ 2.69 112504053  —8.72" (0.01)
Se 0.02+ 0.01 0.03+0.01 —1.34 (0.25)
p 503.96+ 8.48 470.58+2.84 6.46™ (0.00)

D Means+S.D.

27 p<0.05, ™ p<0.01, ™ p<0.001.

Peeling — Drying — Grinding

P) ¥ =% ZA3}= Table 63+ 2t} vy A f5-oll B4
glol BE %9 AT, Bl E K, P, Mg, Ca,
Na, Fe, Se o2 &afo] St} 1 oA = waslx] &
< 9L K, P, Ca, Fe] 3&H(mg/100 g)o] 217t 845.18+
15.10, 503.96+8.48, 203.90+6.55, 15.86+0.98 = v} 3l -
B} feolf oz =9t AR Mg Na = (mg/100 g)2
ulw)61x] 9k 9-9Jo] 211.78+3.467} 98.72+2.69% 1113k -
Jo] Mg 228.07+1.659F Na 112.50+£0.53 R T} o2 o
u]—oll;],(p<0 01, p<0.05). Se tﬂ—?J:.CL HI—:L] o]] o]t ;‘(}o]‘_—-_ a
Atk 53] W= Q8| K o] Wol Al ==t o
© 799 & A EG A K7 Bol e AR Hel
ot W98k 992 Mg¥ Na o] Wo|shr] e - HT}
S AL 9 & 2Fo] 2HARY JNHCZ Mg} Na
< ol ¥ Z o2 o Fett. Chang KM & Lee
= 9 7] 4R ol K, P,
Ca To2 %:—9}2 , 59 K& 9, 7 22 #|at 59 A
Zrol] ol ZFE o] gle dREAR] FrIHRoR Bk
B,  d79 52 z‘a ZA}o] 9t} Hwang DI 5(2014)<]
ﬁ?ﬂlﬂh A AA ol K ke zfol7} thE -
718 Hop & 7L By 28 424 7714 &
ol lo] efre] 4] AfolE Hol7]= i, o] RS FEA|
7], FF 283 AL ] Apo| 2 Ko, 94 &2 2
A ek iAol SR Jesitta 2t

o

5. X|gbAb Bhzk 2

9o W fiol wE At S 5% 2 3= Table
77} 2t} Palmitic acid 32Hmg/100 g)¢] 2%, vluslA] &
& 992 108.67+2.08°] 1, W} 3 0] 104.00£1.00°- 2
W] ekr] 2 o] Brt fo4 02 #3UtHp<0.05). ¢4,
oleic acid & (mg/100 g)oll lo] B3JlR] &2 -4 30.33
+2.89, W3l 9-9J-& 44.00£1.0020.2 ¥ gk $-9o] ThAa =
£ s W th(p<0.01). Palmitic acid$} oleic acidE A<
Vo z] 2 upake] dteke ulkulo) o]gh g0 # o] xjo]7} gl
Aoz 2lE T} Han SI & Koo SJ (1993)9] &<, %

3
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Table 7. Free fatty acid contents of dried burdock powder by different pretreatments

Arreviation Common name Non peeling Peecling t-value (p-value)
C10:0 Capric acid 1.00£0.00" 1.00+£0.00 -
C12:0 Lauric acid 1.00£0.00 1.00+0.00 -
C15:0 Pentadecanoic acid 2.00+0.00 2.00+0.00 -
C16:0 Palmitic acid 108.67+2.08 104.001.00 3.50" (0.03)
C17:0 Margaric acid 2.00+0.00 2.00+0.00 -
C18:0 Stearic acid 5.000.00 6.00+0.00 -
C18:1 Oleic acid 30.33+2.89 44.00+1.00 —7.75" (0.00)
C18:2 Linoleic acid 248.67+23.29 242.67+4.93 0.44 (0.70)
C18:3n-3 Linolenic acid 62.67+7.57 70.00+1.73 —1.64 (0.23)
C22:0 Behenic acid 3.00+0.00 2.00+0.00 -
C23:0 Tricosanoic acid 2.00+0.00 2.00+0.00 -
C22:2 Brassic acid 1.00+0.00 1.67+1.15 —1.00 (0.42)
C24:0 Lignoceric acid 6.00£0.00 5.00+0.00 -
C24:1 Nervonic acid 5.67<1.15 4.00+0.00 2.50 (0.13)
Total 479.00+30.64 487.33£6.43 —0.46 (0.67)
) Means+S.D.
27 p<0.05, ™ p<0.01.

4, Aol gk AFoA G| F8 AL palmitic acid
¢} linoleic acido]QaL, & A|WAF thH] 92.9% = #9] th&F&
o Agiko] o= ?*35101 AT Z AFelM % o]} H|
223t Agko|Qit). = whn] §3o] AHgle] S Fo AWt
2+ linoleic acid, palmitic acid, linolenic acid, oleic acid =
otk ol& F& AAkE F AP EHA] 2 %Y
479.00+30.64 mg/100 g, 3] g+ %< 487.33+6.43 mg/100 g)
tie] Bl ahA] e 9L 94%, U1 d £ 94.5%
ow TAHNES Ak ek g ] frol
g F AgAke] 3t g Atole fle Ao vEhsth
6. w2lg ek 24
9] vty {5 M2 F2]92 fructose, glucose, suc-
rose 2 maltoseS =435I}, 1 A3}= Table 82 Zt}.
el el slo] Muleb] 2 9L 13,241.84+123.75
mg%°] 12, ro| gt o] 11,147.86+161.04 mg%= B3 3}HA]
%o 9ol folH oz WTHp<0.001). L S % vy
SkA] 22 9] fructose T2 8,826.53+98.34 mg%, glucose
BHEEL 2,023.01428.02 mg% L& Hwﬂ?‘z} odRnT} oo
2 B3R THp<0.001), maltose -2 1,266.73£13.69 mg%°]
Ao} SR 9F sucrose SRS Hlu|EhR] e o] 1,125.57

=1

0

Table 8. Free sugar contents of dried burdock powder by
different pretreatmentss

Fr(e;gsol/far Non peeling Pecling t-value (p-value)
Fructose  8,826.53498.34"  6,597.36+143.71  22.17""? (0.00)
Glucose  2,023.01428.02  1,325.00+54.21  19.817" (0.00)
Sucrose  1,125.5743.84  1,992.83+42.57 —35.15" (0.00)
Maltose  1,266.73+13.69  1232.68+53.84  1.06 (0.39)

Total  13241.84+123.75 11,147.86+161.04 17.86™ (0.00)

D Means+S.D.
2™ p<0.001.

+3.84 mg%= v 3k $-9J o] 1,992.83+42.57 mg% SrEFH.T}
oA o2 AATKp<0.001). Han SJ & Koo SJ(1993)2] =
Tof] oJshH Bk gk $-Jof = fructose®} sucrose’t HEH 1,
o]= fructose”} 5.3%E sucrose 4.5%E.C} o] dHxo] g
3 Buslgth B A3 23X fructose Tfo] 713 =
Ade sdatt, 2 el 2t 7(}01 B,
Z5R] 3 glucose’} B EE AolE B, ol F

A5 A Aelel wet @ Ao Auaq

o

g

dor Y rlo



908 gE=.

2ol 77 AR we F F

Hwang DJ 5(2014) S
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Wl we Axeyd 2o f714
Table 99} At} 0|5 9
acid, succinic acid, acetic acid’} FAZE It} ©]= acetic acid
A B S BN, Hhlo] 2]gh frelHel ol
ATt Bkl akx] eke 992 oxalic acid 106.15+8.57 mg%,
citric acid 1,133.06+40.46 mg%, succinic acid 549.03+37.07
mg%°| 3, T3]3k 942 oxalic acid 74.49+8.57 mg%, citric
acid 390.78+7.22 mg%, succinic acid 360.68+36.89 mg% =X
Hh]alA] - o] felHoR EuTh o vy off
o W& F f7Irt g Btujekr] S o] 4,848.48+
228.27 mg%, 1] 3t $-Jo] 3978.70£97.40 mg% o2 ¥y s}
] e o] EUTHp<0.01). AT Hwang DJ 5(2014)
2 vy G 2 A 674k e whulelr] e
Qo] W 2R} Betthn Bastarh weki S,
A, vk Fel 2ATFe SA4el wet 4o olg o 4Rl
£ % geg olelela, GF 2AF £ 4 TuE
77} Besttin Bk o] Wy BPE A
citric acid®] dr=Fo] Auk o] Fo 2 ZHAdHA H a1, o]
Qo] shol] A7) B G F Aow 4w

=) L

ol A oxalic acid, citric acid, D-malic

N

—{o

8. wElofo| =it B =4

A
dhy] f5o wE 9o fElopn|it ko] e
Table 103} o] & 175< F & EA319th o] & oln| Ak

FollA v opn] =4k glycine©]
a1, W EkA] e 90| 1,400.85+14.11 nmol/ 100 g, ¥}

N we FUE B

Table 9. Organic acid contents of dried burdock powder
by different pretreatments

Organic acids

(me%) Non peeling Peeling t-value (p-value)
Oxalic acid ~ 106.15= 857" 7449+ 321  5.99™% (0.004)
Citric acid ~ 1,133.06+ 4046  390.78+ 7.22 31.28™ (0.00)
D-malic acid ~ 397.80+ 10.98  379.53+ 3.38  2.75 (0.05)
Succinic acid ~ 549.03+ 37.07  360.68+36.89  6.24™ (0.003)

Acetic acid  2,662.43+147.71 2,773.22463.47 —1.19 (0.30)

Total  4,84848+22827 3,978.70+97.40 6.07" (0.004)

Y Means+S.D.

2" p<0.01, ™" p<0.001.

A& HOoFA o} RATHEETE

$-9Jo] 4.297.85+61.70 nmol/ 100 g& & Wu]g $-<Jo] H
2 EUTHp<0.001). oAt FollMe 7P =

Stef-S- 19 valine2] 73-%- ¥k 9-9J(813.76+9.58 nmol/
100 g)o] v kx| @& $-9J(455.14+63.26 nmol/100 g)=E.t}
oA o7 =3th(p<0.001). = opn| =4kl JeucineS ¥l
BIA] 22 o] 117.74+27.68 nmol/100 go 2 B3]k 2
3.98+0.64 nmol/100 g BT} 22 0 &2 =3kth(p<0.01). ¥]Z
4= ol =2k arginineS ] SFA] @2 S 2.16+0.04
nmol/100 g2 2 ¥} ak - 1.92+0.13 nmol/100 gi.t} F<
Ao g2 F31(p<0.05), alanine> Hlu] o Fof w2 f-2o] <91
zko] 7F ATk & vﬂo}lﬂ Ab gheke v gk 9-o] vy
SHA] 2 SR oF 2ul] o] = UTHp<0.001). Leucine®}
arginine> 229k W= o}v] J—Q’QE Elik AR

A =7 dehled, 2446 8

A=, AeHo R FA] F& JIFE F Zo= dgd
2 <

TS AAER o] &3l QoA A FHEAY vt
¥ g oz Q3 FAG Adg 229 A3}, v|PE9
29 5o 9Fdo $4S A oHge] Aotk E o
ToMe T2 49 92 F 9 g, s AEL
ANz Z-g3l7] & vk of Ro| wE o|3leta] EAJS B4
ST i g uh]of] 93t Aoz} gl 3, 26
W, 22 g F2 ol fe] ke H]EkA] e ol
B3 2-oJol] ¥l =gkl 13 E(°Bx), pH, 283 & 4t
T 9y 5ol gES ] eotn, Ao glo] Lt
Hha] gk $-Fo] W] elA] @2 Fol Hbﬂ O ol Wrh
& 9bAl agk3 bk A TH(p<0.05). F712 kel 49
o) ehA] ek 49| K, Ca, Fe, P T2 Hbm QP Eh
EA u¥(p< 5), MgZ} Na greFe W) ak $do] o =%

2|

THp<0.05). &
4} Palmitic acid g+
3F G ET} Z=UTHp<0. 05) SHA|RF oleic acid= ©|9l= o
ok/\]'O]OiE}([KO 05) ﬂ.ar/} ?sl—ak.Q. Hb} ﬂ._roﬂ u;}g]_
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glucose FHaFo| BFu] 3k -] KT} 931 sucrose S 4y
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Table 10. Free amino acid contents of dried burdock powder by different pretreatments
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Amino acids (nmol/100 g) Non peeling Peeling t-value (p-value)
Ile 203.73+48.54" 443.10+ 7.38 —8.44™2 (0.001)

Leu 117.74+27.68 3.98+ 0.64 7.127(0.002)

Lys 32,61+ 1.20 59.72+ 0.73 —33.38™" (0.00)

Met 108.22+20.47 258 44+ 4.51 —12.417" (0.00)

Essential Phe 65.58+ 4.47 127.96+ 3.03 —20.01"" (0.00)
Thr 18.50+ 0.03 51.56+ 0.86 —66.46"" (0.00)

Val 455.14+63.26 813.76+ 9.58 —9.71"™ (0.00)

His 121.1210.02 250.10+ 4.26 —20.51"" (0.00)

Sum 1,122.65+33.73 2,008.68+29.52 —34.23™" (0.00)

Ala 2.89+1.26 2.15+ 0.02 1.02 (0.42)

Asp 91.05+ 0.31 21431+ 1.35 —154.38"™" (0.00)

Arg 2.16+ 0.04 1.92+ 0.13 2.98" (0.04)

Cys 82.38+ 0.25 196.89+ 0.11 —17.86™" (0.00)

Glu 1.87+ 0.02 13.55+ 0.64 —31.46" (0.001)

Non essential .

Gly 1,400.85+14.11 4,297.85+61.70 —79.28™" (0.00)

Pro 77.34+15.33 168.45+ 4.47 —9.88"™ (0.00)

Ser 4.55+ 0.04 6.51+ 0.01 —83.53™ (0.00)

Tyr 230.68+14.56 437.28+13.61 —17.95"" (0.00)

Sum 1,893.79+13.31 5,338.91+£76.92 —76.44™" (0.00)

Total 3,016.44+34.66 7,347.53+106.11 —67.2™ (0.00)

Y Means+S.D.
2" p<0.05, ™ p<0.01, ™ p<0.001.

#AL 2

2 d7e F9sE A sdHEs AiEArd @
A Z PJ00940902)°l] 2J8]] o] Foizl Ao R o]df] ZFAL=F
Yrtt.
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