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Abstract

The protein nutritional quality of foods has become an important factor to food processors with the
advent of nutritional labeling regulations for foods. Then, as is true today, the officially approved
assay for protein nutritional quality was the rat based protein efficiency ratio(PER) bioassay. The PER
bioassay requires a minimum of 28 days to performe, and is therefore not applicable to routine quality
assurance use by the food industry. Within the past ten years there has been a research emphasis
placed on the development of rapid, inexpensive, biological and/or chemical based assays for protein
nutritional quality. It was hoped that if a rapid assay could be developed and thoroughly tested, it could-
be used in lieu of the PER bioassay in the day-to-day quality assurance screening of food ingredients
and products. The rapid assays developed in the hope of attaining this goal have been:based on micro-
organisms, proteolytic enzymes, and amino acid profiles, as well as combinations of the above. In this
review, it will be described and briefly discussed many of procedures which had contributed conceptually
as well as practically to the development of in wvitro methods for the evaluation of protein quality.
Special emphasis wlll be placed on the C-PER(computed protein efficiency ratio) assay which combines
data from in vitro protease digestion and amino acid composition to predict protein nutritional quality
designed by Satterlee et al. (1980), and the DC-PER(discriminant computed PER) which is a method of
estimating protein quality based on rat assay and i» vitro digestibility obtained using solely essential
amino acid data will be also introduced.
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Table 1. Simple correlations! between protein score and the results of bioassay

BV PER

Protein score

NPU

19702 19733
BV 1.0000
PER 0. 9039 1.0000
NPU 0.9216 0. 9420 1.0000
Protein score(1970) 0. 8668 0.8932 0. 9882 1.0000
Protein score (1973) 0. 8521 0.8938 0.8734 0. 8379 1. 0000

~

1. P>0.01 requires a coefficient of 0.684 for significance
2. Protein score cacullated using FAO(1970) recommended amino acid profile
3. Proten score calculated using FAO(1973) recommended amino acid profile From Hacklerit)

Aol AEE A (O F-AERNAFI EFRY
AZel TF A 8] sbed A (B) ¥4 askE F
® 224 de Aol 75T A 6) 2xY
Agrlgel 75 #& 2 (D ACACA AR
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3. s}etx{diH (Chemical Assay),

1) 38 7}H(Chemical score) I
il 7} (Protein score)
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A3tel AaA S 0.684(P=0.01) ol44¢] ulmA 4F
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Eelsld, 3ote A4 Table 29} o] FEARE
WAL sbl sz, A4y Aol 3tfok
u] 2=Ake] 1} valineo] A gholmliAle] H & =g
S B7hEE A%E Rtk B¢ o] YPEL X
A9 FF, obv|xAl A 9y =)l o 3k

Table 2. Comparison of the chemical score,
BV, and NPU value of food proteins

Chemical Protein

Protein score score BV NPU
Whole egg 100 100 98 97
Lactalbumin 69 63 84 82
Soy flour 41 53 75 72
Casein 62 62 68 66
White flour 28 43 52 52

From Sheffner'4

o] g AolE Roledl, olzlgd A AT
MacLaughlan %£-0]1% lysine, methionine & cysteingl
Fe o] 2% w45l (simplified chemical score)
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Acid Index)9} 7| FHfolv| Al X4
(MEAAI Modified Essential Amino
Acid Index)
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Aoz F4 zeroZ AAEE S} v/t F4
Hg Adstzl fsle, 1171x] d4 ofn:Alg of
£35le] 195113 Oseri=1% EAAIZ A qtelg.on] o
A] Mitchell’®.& EAALE 7 %sle] MEAALE A qks}
givt. EAAISL MEAALY ol Exiql At ZEwhy
A(RIDE Zon}, EAALE Lfobrnil FolA
tyrosine X4} = @3 o)Al arginined T 4]
713 gl er, MEAAIY: arginine& A 8] A}7] 3 tyro-
sinee TaA|F: glvh. =g EAAI: swobw|x
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Table 3. Comparison of the EAATI and MEAAI of food proteins with their biological value

Protein i

rotel EAAL BV Protein MEAAL BV?
Milk(cow) 88 90 Egg albumin 84 97
Casein 88 72 Casein 92 68
Lactalbumin 89 84 Lactalbumin 92 84
Whole egg 100 96 Whole egg 100 98
Beef 84 76 Defatted egg 93 97
Fish 80 85 Brewer’s yeast 72 66
Gelatin 25 25 Peanuts . 69 57
Soy beans 83 75 Soy flour 82 74
Sesame 73 71
Qats 79 65
Wheat 64 67 White flour 65 52

1. From Oser®, 2. From Mitchell and Beadless!?,
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Table 4. Regression equations for predicting
PER

Equation 1.

PER =10. 684 -+0. 456(LEU) —0. 047(PRO)
Equation 2.

PER = —0. 468+ 0. 454(LEU) —0. 105(TYR)
Equation 3.

PER=1.8164-0.435(MET)+0. 780(LEU)
+0.211(HIS)—0. 944(TYR)

From Alsmeyer et al.20)

Mitchell and Block!® and Mitchell'®
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(Available Amino Acid Assays)

(L) Fx4 Fg-fotel A

Be ww A A o AR YeA cystine
o]1} methionined] A}3L3-e olje} AH
gow, As) Aol FLALE HEY
2 Eu] methionine sulpoxidev} methionine& #&
skAjul Falgr Alalel]. &8 4 5l methionine sulp-
honed A o] & Brt5—g ol BFHA  olulwAre)
Ashsh AR ATINAEY] FA FPo) Ayl
tha e gt FE5A cysteine ypEwlw A
I 28 4 cystined DTT(dithiothreitol) 2 31-4] A
7] cysteine-2 W= 14 %l cysteinz} s DTNB(5,
5’~dithiobis-2-nitrobenzoic acid)® & %l i=d] 22
o] = cystined} cysteine?] A3 FHql cysteic acid:
DINBS} 283k % 42& o8 Heldh 4%
4 methionine?] Z49 o2l ¥ 4FHA®
AR BaASE HYE AFT dimethyl-
sulfoxide 8}-2-82) Bl cyanogen bromide u}-8-4 0]29
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9t} Dimethylsulfoxide(Me;S0) ¥h-$4 & =g %
9 A3 =] ¢ methioniner] = Me,SOE dimethyl
sulfide(Me.S) 2 Bl]7]= AA-& o] &3 wyo
2 H,0p = 7ted 5 e] gl =) 2158 rat-PERs} BV
o] 2 Ax]gclw® ¥ s gl = (Table 5).

Table 5. The influence of hydrogen peroxide
on the nuiritive value of fish protein

EEERERB %

Table 6. The effect of heat - processing on
protein utillization of soy milk as
measured by PER and available
lysine procedure

FDNB reactive

H,0, added(g/kg)

0 20 40 days
Methionine(g/kg) protein) 3.09 1.22 0.41
Methionine sulfoxide 0.41 2.12 2.48
Methionine sulfone 0.00 0.17 ¢.31
NPU B )
N. digestibility(%) 92.3 91.8 90.6
BV ' ) 94.8 86.3 85.4

Min, at 121°C PER lysine(g/16g N.)

0 0.650.11 .. 6.0

5 2.24+0.05 6.0

10 2.20%0.08 6.0

20 2.00::0. 08 5.9

40 1.8320.10 5.7

60 1.7440.04 5.5
120 1.37+0.06 5.0

From Sjoberg and Bostram3®

X%l cyanogen bromide(CNBr) ®1-2-¥] e alsiz
methionine® CNBrz} 4l-3-5le] methylthiocyanate
(MeSCNYZ F4sA g A& o83 ALe=
Tk g8 fEA methionine &Ad] -§2]5le}. o]
A9 F2A Fgfoluaty AEEge £HL 4
2 wgrAlzk Advhe AL 9o o] A3st 3
dEl E4AY datart EFels] o Fel e 3}
o F4 Asrt deid R AFdal AL Ay
A g4 ol At

(2) 454 lysine

dupd o7 w$e lysine Aty Y& FEA
el % 2 F}EA] A F lysine?] e-amino groupe}
Aol ¥ & groups} (F = carbonyl group) #k-$-
B EAE 2E b AA5g . 4% “tagged lysine”
2 Y Adla lysined] HEA (availability)g =] 3}4]
Atk o)A QT ol g TN AT TS
B ATeH FEA lysines) o] YL, of
& sy Sgutyo s lysined] e-amino group
o] - 1-fluoro=2, 4-dinitrobenzene(FDNB)3} ¥}-2-5}4)
A7) dinitrophenyl-lysine(DNP-lysine)-2 A EFsl=
FDNB#] 3}31~37) trinitrobenzené sulphonic acid(TNBS)
7} e~amino groupzk wl-8-3}ed trinitrophenyl-lysine
+ BAstE gl TNBSY-&3#¥4 Z 4 gich. o
9o o-methylisourea® o] 235l v}y, 4549 methy-
lacrylate o]-£%], 44 sodium borohydrided] 4249 =
furosine o]-&¥ o] gl=dl o] F s}z sty W
B} o] FDNBy] 3} TNBSH o]}, FDNB-reactive lysine
o AL Agukdl fEs) stfpste N AECEE,

From Hackler et al. 59

9, S8 29 AT F deivte T4 H3E A

natA 24¢ F e FP-L e (Table 6),

fructose-lysine -FE=E4L o}F A& oke] DNP-
ysineg A4S, o} S0k Sgo] nAE IRAF
AAE AEsd e A & AFHE Be[HT
5, DNP-lysine& Al7l538 =% f48e Aol

S Tk). ¥k TNBSY-& FDNB 93t @] AL
2 Qg A= dgddel Eu 84 =EE A7
lysined) $EES ZAsE FHol o, At
28] % DNP-lysine R} TNP-lysineo] &17| 2=
W, TNBS: o]u] mailllard t-gef FHei§t c-amino
groupst oxl3] Wb-g-stE ol gk olsh AL
epa el wel ojse] EatFRalW, Terahy-
mena o]-&9 o] glert §EA lysiness FAL &
A A BPAE FFd G2 s AWl
B e Bl e Ane gAztE A=A
W} A7t choksbAl Vel BH(Table 7 W Table 8).
o] o]8)el ALABule] WrhA WA T @r1A4
oful wAte] SAEHY azo dyest At AT
protein-dye complex® ¢lsld AAHE 4B &
2 A5 QiR FEEE FA3HE dye binding
capacity(DBC)# o] gliuls~%®), ol wlad A,

A&siA g FEEEE 34T 5 g

Table 7. Lysine levels (mg/g N) in four

samples of milk power

Acid Enzymatic Rat

Swle ity NP BE L St
Good quality 500 513 519 506
Slightly damaged 475 400 388 381
Scorched 425 238 . 281 250
Severely scorched 380 119 - 144 125

From Mottu and Mauron3®%)
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Tahle 8. Comparison of available lysine values
estimated by using different assays

Available lysine(g/16 g N.)
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Table 9. Relative values of different protein
for Streptococcus zymogenes' and

Protein source Tetrahymenal FDNB E?Ct)wth
+ — assay
Fish meal 4.8 7.0 6.1 6.9
Meat meal 1.1 3.1 4.1 4.2
Groundnut meal 2.1 3.0 3.0 3.2
Soybean meal 4.2 4.4 5.4 5.0
Cod muscle 6.4 8.6 8.5 10.9
Cod muscle{heated) 1.0 5.0 5.6 4.3
Casein 8.1 — 8.4 8.6

for ratz?

Test protein RNV? NPU? NPR3
Casein 99 84 3.92
Dried whole egg 94 95 4.66
Dried skim milk 99 78 3.77
Soy protein 56 63 2.71
Fish meal 52 54 2.85
Meat meal 39 40 0.98
Wheat gluten 54 54 2.79

From Shorrock and Fordss

|

41N

deoxyfructosyl lysine unitse} Z+& wF—oln)
HEA AT A 4 At
Ho] g} 45

r_?d olo

=
249 + gk

4, 0|4 E o]=28 (Microbiological
Assays)

HAEE o4 A £ e RE Ay
obe =48 FEEE FAstEY AstE whel2lo}
(Leuconostoc mesenteroides, 59~82) Streptococcus faecalis
€1,63,64)  Streptococcus zymogenests~68)) o] 2913l YA
SE(Tetrahymena) o] 4§ 0] 91k

ube ] obE o] &3 FAZAY A ki EL Aot
) =2} (methionine)d] FEFEE ZFstA VU 7 A&
2] AdAQ 9% AAsted feishd, A4 A
A wYRe FAE EPSLd A R my
ANEEE ol AEIRH A SAAAN 22 A
RAPAZ AR R G vrde] g oz z(Table 9) ol
A HES Age] AT wrh o

QA =E-o) Tetrahymena’= vl A B3 o] L33 o)

From Ford®)

e g oAl FULRAY £4EA
@o S A e AAs o] 4T RelH® growing rat
of o} ¥t obwlwAl 8T AL oyl WE
A SR EA B ol oleHel &k ol
By e nl oz odFatEe A8 NEHE T
A% B AR AW AHE 4e 4 g5
obel A glow 778 (Table 10), % 7}=&] A Ho}tn]
A (lysine, methionine)d] fHA-L &EAst=d
Table 10. Relative nutritive values (Tefra-

hymena pyriformis) of somefood
expressed as PER

RNV Tetrahymene caiculated

as PER
PER  ~yithour Digestion
pre-digestion with papain
Casein 2.0 2.0 2.0
Soybean 2.3 2.4 2.5
Oat 2.2 2.4 2.6
Rice 1.7 0.8 1.5
Wheat 1.5 1.2 1.5
Maize 1.2 0.7 1.2

From™ Baum?%)

Table 11. Effect of sample preparation on correlation of RNV (Telrahymena) with

rat-PER
Relative nutritive value(RNV
gggr;lbes?mple Pepsin Pepsin diges?: De%atted pepsin A‘{{ell\-]a\fge PER
digest supernatant digest
1 20 — —_ 20 ~-0.55
2 58 50 46 51 0.65
3 68 61 64 64 1.30
4 92 86 97 92 2.00
5 78 86 75 80 2.50
6 126 115 108 116 3.00
7 103 102 100 102 3.50
8 112 120 108 113 4.30
Correlation coefficient 0.8569 0. 9548 0.8712 0.9478 —
P — >0.4 0.1

From Landers™
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Table 12. Requirements for EAA(g/16g N.)
in Tetrahymena, growing rats,
infants and children

Amino acid Tetrahymena! Rat? Infants? gl l;d;}_g;
ILE 6.6 4.17  3.50 3.70
LEU 5.3~6.6 6.25 8.00 5.60
LYS 4.0 5.80 5.26 7.50
MET+CYS 2.1~3.2 5.00 2.90 3.40
PHE+TYR ~ 6.67 6.30 3.40
THR 6.6 4.17  4.40 4.40
TRP 1.1 1.25 0.8 0.46
VAL 5.6 5.00 4.70 4.10

1. From R¢ll®

2* From NRC(National Research Council) (1978)

3. From FAO/WHO0(1973)
g Pgoleh. B gt bl 29 £4F o] §5}
o 3302 4ol A7) ool 2| 8§ Tetrahymena
A7 o]-gsted, rat-PER3} o}F gyl &
A5} 798680 Q18 4 ¢)=v| (Table 11), Suttons?
3} Baker )& o1& o] &% W} &4+ (T-PER)E
Aekslr| = st b v " F slol|l Tetrahymena
= ol &8t ol4Fd e fElE ATe] YLAE
ET3R, obvliat e F%e] Aol growing rat
o whEchEfes(Table 12) ol 9o wi=e] 5 7}5

A 7}-E (propionates, benzoates == nitrates} 7+

=
& meat-curing adjuncts)el] &8t} =z A= o] 3k
& ked®, Fassls4Rs AAY 5 2:

cell counting ¥}¥o] we} =z Aslsl delxle oy
o] ¢l .om,76:808485) jncubation 3t A|7ke] whEbA
= oE 2H4E Balvh

WAl o] Wy E A A 2AY TFH} o)
TR W, TANES olv] A g wian
AEFFHE zero)d] 4 e R Aoz 7]
EEEN '

5. &27}355 8 (Enzymatic
Hydrolysis Assays)

3 wh o] )
* E = Ver olnxniley] SEme
A5kl AASLw, o] Y Wobw ey e
22 45519 4 guh®

E&MeEH o g ) obv) Al patterns} A&
HAq AgEFA 447 A2 Az 19569
Sheffner 5-9] PDR(pepsin digest residue) index®® ¢}
196413 Akesons} Stahmann¢] PPD(pepsin pancreatin

BRERSBREEH

Table 13. Comparison of the PDRI and PPDI
with biological results

Food protein BV~ PDRI  PPDI gi[’gﬂtibimy
Whole egg 97 100 100 101
Egg albumin 82~97 95 89 95
Lactalbumin 84 82 85 84
Casein 69~78 65 78 67
Heated soybean 75 71 68 74
Yeast " 66 61 74 66
Wheat flour 52 51 54 51

From Sheffner®

digest) index®® £& E % ¢ -u, o] uly S ¢
% B3E BVeh £ AWAL 1AL (Table 13).
o8t 2 FANMFEAL ATEAAE 8 B
Ago] AMaFoR, F4, geldH2n fuig
olr] Ak A Adted o] whgEel ALY F,
Mauron®:98).2. PPDD(pepsin pancreatin digest dialy~-
zate) index® A Qkslel BVSh £& AuAAE nol
* A3E Q983 9 Taot4EaE ol $
?&‘*ﬂ A 43 27¢ papain o] -4, % pepsin-
trypsin o] -4 %9, EUD(ultrafiltrate digest) system®®
2 multienzyme system®® & & 4 glod, A&
oﬂ% four-enzyme systemo]® »|t=|e] rat apparent
digestibility ¢} &£ ’4}5&15]—% Rt} (Table 14).
Table 14. Correlation coefficients and (level
of significance) comparing protein

digestilities for protein foods

Rat “Four .
apparent dig. in vitro dig.

For all study foods
Human {n vivo apparent 0.957(99%) 0.859(95%)
- digestibility -
Rat iz vivo apparent 0.781(90%)
drgestibility '

For nonlegume foods
Human in vivo apparent 0.997(99%) 0.877(95%)
digestibility :
Rat in vivo apparent 0.840(95%)
digestibility

For legume foods
Human i% vivo apparent 0.997(99%) 0.811(95%)
digestibility

Rat iz vivo apparent 0.761(90%)

digestibility

From Rich et al.toh
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6. Four-Enzyme System, Computed
PER(C-PER) 4! Discriminant
Computed PER(DC-PER)

1) Four-Enzyme System

] B3 E A9 sbrRa 2 ol fe{d carboxyl
grow 52T qF ASEE oH AEE EHed
rat apparent protein digestibilitye}e] ArzlzlA] Al
2% gl multienzyme automated assay=1°0 Maga 5192
% Rhineharti®8) A\&ob) 4434 538¢ A%
g Ao2, 23F9 il AEFE o w  trypsin,
chymotrypsin ¥ amino-peptidase® o]-&-g}t 71423
37°C, 108)E A x3t4
o E2 Aavg (r=0.90)%
t}. 100 =EEl o|ulyl.L trypsin inhibitore] € 7}
o x] gl ¢ 053 o] ol mzrat el glo
A o A3H A28 60% ol Abe] ABA A
olml FTEAN AT JEAFol Ft Hylemw

& Supgelt Wiekd e A gsd
vivo A e Hls] G 4348 Holr) ol® A
< Bosly] 98] Satterlee 61098 FEA vl 2]
2E 9 E 2G0T o)),
(Streptom vees griceus)Z A 71ske] 2087+ sh-RE)
]:ﬁl ahad

rat-apparent digestibility
Ad 2HE A F 3

bacterial protease

o] w2 41719 A ol9le] Wl FHH I whY
xlio%l -4 Jhestvte Aol o, ofn] FiA
Ql FhEEl b Loind %3 1 ¥ (yoghurt, 2z 5
olul, o] 2H O R 43L& 54% olst] AlmedE F

#| ob&} 4] vk (four-enzyme system).

BOE SEFHEE 53 [Eh® 209

Four-enzyme system®] Ag@salalL goksln
Figure 13} 7t}

2) Computed PER(C-PER)=} Discriminant
Computed PER(DC-PER)

o}m] At ZA "L o 2 rat-PERE oA st & 4=
AE F, vzm ZFEsittz g A C-PER uly] &7
A4 Hsu 52 By 02 349 4347 o
4 $ARAE =2 PERE ALY $E LA
$lod four-enzyme systemol 2|38l 43§, HHEF
(discriminant function) %] Mg 25t ov
A2 A3 Pl PERS AL ubgd o] vh. 7109 of
wW.o 7227 o]ve] rat-PERe] ZAste PERE A
A d 5 g2 4, zxqgk. in vitro AZgel =A
A g Ak Iy E

sk ¥.4 8] (discriminant analysis)
of| & 481§ (predicted digestibility )=+

Weight 80-100 mesh ground sample and ANRC Na-casein as control (gram/% N.)

! Add 10 ml of glass distilled water (G.D.W.)

Allow to hydrate for at least 1 hour, but no more 24 hours, at 5°C
Prepare three enzyme solution (1.6 mg trypsin 3.1 mg chymotrypsin +1.3 mg peptidase/ml G.D. W.)

!

Equilibrate three-enzyme, sample and control solution to pH 8.0 at 37°C
Add 1ml of three-enzyme solution to sample and control solution

Stirr the solutions for 10 minutes exactly, in a 37°C water bath

Add 1 ml of bacterial protease solution(7.95 mg enzyme/ml G.D.W.)
Transfer the solutions to a 55°C water bath and incubate for 9 min.
Transfer the solutions back to the 37°C water bath

Insert the pH electrode and read pH after 20 min.
If the pH of control was 6.4220.05 at 20 min.

Proceed to take each sample and read pH
Calculation: ¢ digestibility=224.84—22. 56X
where X: pH after 20 min.

incubation

incubation

Fig. 1. Procedure for calculating the in vitro digestibility using

four-enzyme system.
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DC-PERE Al4lsle] 43¢ ALE four-enzyme
system 2.t} 2.2#], PER-E C-PER ¥t} 1.58] A&
otz 23ty

Z- lysine, leusine, aspartic acid, proline 3 am-
monia @¥atez whdE FF A, oldl wAd
A&sng $34¢ $H%d AL £3ee 2
Az C-PER% fA1% $(GAAAR B2)oz A
A5l Ao =4 C-PERS @7 AOAC7 Zelshi
rat-PERE AAE 4 g 5ol k& Pgols
T 4 e
2%} DC-PERE A8 o F%0] AH g%l
Q1 gt Al =8¢ x|y 4l F(single cell protein, 3] %
AL 3, 108, 109) XJ—%E}P—] trypsin inhibitorz} &4}
AE, AT ALANE RS AFol Y14
28} A gol Sal FAAA dolk AFol sl
e I HrksEE AgE 24, oA AEdAE
C-PER 2.t} -Ee|stctz of AAl = (Table 15).

I L

Table 15. Comparison of rat-PER, C-PER
and DC-PER for different protein

foods
Rat-PER C-PER DC-PER
ANRC casein? 2.5 2.7 2.6
Beef round 2.8 2.4 2.5
Egg white 2.5 2.5 2.5
Lactalbumin 2.4 2.5 2.6
Corn 0.7 0.6 0.5
Soy isolate 1.3 1.3 1.5
Wheat gluten 0.3 1.2 0.7
Squid? 2.9 1.9 2.9
Oyster 1.9 2.0 2.2
Laver 1.7 2.1 2.1
Pollock 3.0 2.6 2.7
Shrimp 2.9 2.6 2.7

. From Jewell et al.107)
From Ryu and Lee!®?

7. &7 2

F55e QT dleted, Bl AArEe Fale

1A A2g g ALY Adglel= AY &
Ao @AY Fhae, ofd AL o&HI Y&
o 2kl e] HEHal o]§ol A Ao =4 He
At Aoz & o+ v =3 O A4
o oFs} A7l A AH FFEol Fobzbel vzt =
&8 w gt R AEE 44, AAste 4
1 olvl Axttn AR ol @ Fag F s}

BHERZEREH

A 2AE Asty] 8 2o At ZEFd
il FAF Y] s Aoleh AFAA A
w2 g ASYPES FEHeE BE WY
B FAZAwysl rat-PERe] #lshe] AL, 2,

@Y AAAQ A ool AZolnl:mats <l
2 Frig: gl vais 58 vo FFHsHA
243% 4 gk a2y 229 sy el ofr
ALY o] &g, EAbEEdH s olF frEldl
oblwale] Aste] W T = £¥SE, TR
AZRLET 2294 4 dssle L8384 5
£%3] thFo] &7 dA-Fd, olF i o &A
q Hd o]¢¢e &4sted 1An ¥ 5 Y+t
=gk rat-PER By} 3t} AAA human bioassay
o g EF datad] N Y T AE FAE
4 mr asiies 5 AU

Fetske] 2 Al Aol

£& AL A, ofv AL
Az EBEISAY, HAAF
Aguty A A AR Y,
=3 09 AT R B8 48N ez
A Fol Fasolol & Ao, A, b FA
o Hg 4 A A T Je ARA A
Ao ok & Aold, Wisl, R FHo= A
Ad £eE AL slstn AAHL A4 ZAA A
AZALEH Fol 41 o] & T AHAAY ol
Fol g 71 2Agoe] Aaziel & Aol
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