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A comparison of several methods of protein determination in pig blood plasma.
SUDA.Z. and SZ0T,M.
department of Food Technology of Animal Origin, Agricultural University of Wroclaw,Poland
In t r o d u c t i o n
Chemical composition of blood and blood plasma of slaughter livestock including total protein 
contents and proportion in both globulins and albumins as well as fibrynogen and haemoproteis 
°nd blood plasma physicochemical indices /pH,viscosity,specific gravity,fat emulsifying capa-
4. .Yigelling temperature etc./ are mainly species dependent.However,content of total,crude pro 
^ e m  of industrially manufactured blood plasma may depends also onsvariation in construction 

centrifuge used,operational conditions during centrifugation such as:blood temperature.ro- 
‘•or velocity,distances between plates,filling rate of blood and to appropriate extend also on 
Perator skillness and accuracy of job performed etc.All of the above mentioned biophysicoche- 
'ical and technical factors might affect protein content in blood plasma processed./11,13 14 
t M * Effeotive contro1 and regulation of the technological process needs required purpose orien 
ea meth°ds of protein determination.The adjustement of plasma production process deviations 
niluencing quantity of protein in blood plasma lie.so called inter-manufacturing control of’ 
wocessing requires quick /fast/ and simultaneously sufficiently precise analytical method of 

°tein determination.The analytical techniques of protein determination at present available 
re quite a numerous./1 ,2,3,4,5,7,9,10,12/.

Riming at selection of the most suitable analytical techniques for the inter-manufacturing co- 
< W 01 of blood Plasma protein content we have cofcaratively assessed seven methods of protein 
tn m "̂na"k̂'0n Industrially produced blood plasma using determination of protein according u the Kjeldahl procedure as a reference method.
S e r i a l  and m e t h o d s
ne experimental material consisted of 45 batches,each of 3.0 litres,of swine blood plasma 
PlaSlly Processed infcommercial conditions during January-April, 1985 at plasma manufacturing 
bat? 0f the local slaughterhouse.The determination of total,crude protein in each out of 45 

tches of swine blood plasma was computed within 4-7 hours on the day of plasma collecting 
Prn+°cal slaughterhouse.The protein content was determined quadruply for each of 7 methods of 
ttiost11 determination assessed for the purpose of selectA of the fastest and simultaneously 
vT reliable one for the inter-manufacturing control of protein content in plasmaiThe follo- ug methods were assessed:

^i2etermination_of_protein_content_by Kjeldahl_method_; reference_method.
^Commonly applied Kjeldahl method was used. 5 ml of plasma was digested in 200 ml flask with 
/4rw/ of concentrated H 2S0, /d=1.84/ and 1 g of potassium sulphate /60%/ and copper sulphate 
bv v catalizator.After digestion and neutralization with 33% NaOH the ammonia was determined 
su ^sorption in 4.0% boric acid and titrated with 0.05 N H oS0, using TashirD indicator./Poli- 
2 ]■) andard PN-75/A-04018/. i 4
i « e-Psimetilic determination of_ protein „content«/6/.._
at S®pb was made bo find the correlation between specific gravity of plasma and protein conte- 
th„he specific gravity of plasma was determined at 20 C using 100 ml picnometer fitted with 
3.*®rmometer.
'4-Siractometric_determiination_of_£rotein_content_./6/._

? oi refraction for plasma was determined at 20°C using laboratory refractometer RL - 1 
lolled with a thermostate and correlation between indexes of refraction read with accuracy of 

and protein content was calculated.
'i22dified_methqd_of_refractometric_determination_of_protein_contento/6/„

determination of protein content in plasma a difference between index of refraction value 
j^ermined for fresh plasma at 20°C and index of refraction value for the filtrate of plasma 
lS(aer Precipitation of protein with 20% trichloracetic acid added.Erlemeyer flask was fil- 
per,̂uP with 20 ml of plasma and 5 ml of 20% solution of trichloracetic acid was added. The su- 
rei?abant after protein precipitation was filtered throughout a filter paper and the index of 
Pla action for filtrate was determined at 20°C.Difference between indexes of refraction for 
Pbot ? 921(1 ^titrate was calculated and used for calculation of the correlation coefficient of
5.s^etn content in plasma.
j^~°§£brophotometric_determination_of_protein_content_according to Ahokosa./6/.
0,gym®bhod is based on determination of the difference in absorbance of protein solution in 

Ca a®- ab 215 and 225 nm.Into 100 ml of measuring flask 1 ml of plasma was pipeted and fla- 
t0 +as fllled-up to 100 ml with 0.9% NaCl.After mixing 1 ml of plasma solution was pipeted in- 
tha^AAb-tube and 10 ml of 0.9% NaCl was added and again well mixed.Quarc cuvette of 1 cm was 
b6r, ftlled-up with plasma protein solution.The absorbance was determined at 215 nm /wave num- 
Vjg ApProx.46.6/ and at 225 nm /wave number approx.44.5/ using spectrophotometer SPECORD UV 
t'i'eifbe difference between absorbance at 215 nm and 225 nm was used for calculation of the co- 

abion coefficient for protein content in blood plasma, 
j '*§2broghotometric_deteimination_of_^rotein_content_according_to_Toma_and_Nakai_./l2/.
h% 0
Aorno 1oo ml of 0.1 N citric acid 2 ml of plasma was pipeted and homogenized for 3 min,1 ml of 

Senate was than pipeted into test-tube and 7 ml of 8 m urea in 2 N NaCH was added /480.8 g
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of urea and 80 g of NaCH was dissolved in 1000 ml of distilled water/.The absorbance of sample 
was measured against control solution of 1 ml of o,1 N citric acid and 7 ml of urea in NaOn 
at pre-determined for the plasma protein solution maximum of absorbance i.e.at 241 nm /wave  ̂
number 41.4/ using quarc cuvette and spectrophotometer SPECGRG UV VTS Carl Zeiss Jena.The c°" 
rrelation coefficient for protein content was than calculated.
7.Snectro2hotometric determination_of_grotein_content_according_to_Gabori/4^.
Into homogenizer filled-up with 100 ml of 0.1 N NaGH 4 ml of plasma was pipeted and hornogeni' 
zed for 3 min. 2 ml of homogenate was than pipeted into test-tube and 5 ml of 97% acetic 
/glacial acetic acid/ was added and after 1 min. 1 ml of chloroforme was added and the test ' 
tube content well mixed.The absorbance of a mixture was measured at 280 nm /wave number 36.W
against control solution of 2 ml 0.1 N NaCH,5 ml of glacial acetic acid and 1 ml of chlorofo*
me using 1 cm quarc cuvette and spectrophotometer SPECORD UV VIS.The maximum of absorbance 
plasma protein solution was pre-determined in range of 200 - 300 nm.The readings of absorb311
was used for calculation of the correlation coefficient of protein content in blood plasma;
RESULTS and DISCUSSION
Assessment of various methods of protein content determination in pig blood plasma and theif 
suitability for inter-operational control was based and involved the calculation of:means,Sa' 
variability and dispersibility of the results and calculation of a linear regression coeffi' 
cients.As a objective criteria of the methods applied for protein estimation in blood plasm ^  
in comparison with standard Kjeldahl method the sensitivity,precission and accuracy as well 
correlation coefficients and their significance were calculated.All statistical calculations 
was made using a microcomputer ZX SPECTRUM and a standard statistical methods./8/. ,
The results of protein determination in blood plasma reflecting both direct measured data s® 
figures /values/ of protein contents calculated using regression equations for 6 assessed ® 
thods with Kjeldahl method being a reference one are collected and presented in Table 1.
An average content of protein in pig blood plasma determined by Kjeldahl method was 5.84% 
i 0.631 ranging from 4.48% to 7.17% and was characterized with relatively great coefficient^ 
variation i.e.V% = 10.80 which was however lower than calculated for direct data of spectrt' 
photometric methods according to Toma and N alt ai and Gabor.The smallest coefficient of vari3'̂  
tion was established for immediate readings of specific gravity /densimetric method/ and bo- 
of refractometric methods,while for method by Ahokosa was nearly similar to calculated for r 
Kjeldahl method.Direct data of absorbance of the methods according to Toma and Nakai and 
shows greater coefficient of variation.lt should be however underlined that after re-calcul3 e 
tion of the immediate findings for percentage of protein content using regession equations 
coefficient of variation is practically similar as calculated for Kjeldahl method.
The results of protein determination in blood plasma by five assessed methods,except for tn

estimation according to Toma and Nakai /r=0.894/ shows an acceptable satisfactory correlati 
with results determined by Kjeldahl method ranging from r=0»952 to 0.902 being in average 
r = 0.920,The highest correlation coefficient with results determined by Kjeldahl method  ̂
shows analytical findings according to Ahokosa /r=0.952/ and ’unmodified refractometry meth® • 
/r=0.925/ while the lowest was calculated for spectrophotometric method according to T o m a  ¿A
Nakai.
The sensitivity of protein determination in blood plasma by method according to Ahokosa w »3 
fourfold smaller in" comparison with Kjeldahl method while the best one and even better thah 
for Kjeldahl method was found for densimetric method /G.02%/.The other assessed methods re' 
gardimg their sensitivity were similar to the standard Kjeldahl method. _ <
The precission of the methods assessed was calculated according to Bartlet test./ g/.Table J 
The precission of densimetric method is significantly better than Kjeldahl method /lowest 
mean dispersion of results/ while the precission of protein determination by Kjeldahl and g 
both refractometric methods are similar.The spectrophotometric methods are significantly 1 ® 
precise in comparison to Kjeldahl method.Assuming that the accuracy of Kjeldahl method Is 
/zero/iie.that determined quantity of protein in plasma by this method reflects real /effe® 
ve/ amount of protein the accuracy of method by Ahokosa is the best one /-0.157%/ while f°r 
the method by Toma and Nakai shows the highest mean deviation /■-0.243%/.
As it was expected inrelation to the time consumption of the Kjeldahl method the quickest 
/fastes/ are the refractometric determination of protein content in blood plasma and it rep 
ire only approx.6.5 - 7.0% of time consumed by Kjeldahl method.Densimetric determination?' 
protein could be completed within approx.12% of the time required for Kjeldahl method 
three assessed spectrophotometric methods could be accoplished during 29-30% of time cons111“ 
by Kjeldahl method.lt seems also worthwhile to mention that uncomparably cheaper to other  ̂
assessed methods including Kjeldahl method are the physicochemical methods of protein dete" 
nation in blood plasma i.e.densimetric and both refractometric methods.
CONCLUSSIONS
1 ,The great variations of the protein content between batches of industrially produced swi-h® 
blood plasma seems fully to justify the requirement for inter-operational control of protêt 
amount in plasma as well as justify the necessity of selection of suitable,fast analytics-1- 
technique which will fulfill of the purpose in mind.
2.In commercial conditions of blood plasma manufacturing with acceptable precission and aC 
racy the inter-operational control of protein content in plasma could be accoplished using 
refractometric and/or densimetric methods for protein determination.

448



36^snQr S n U* S * ’ . P r o t e i n s  i n  m eat and egg p r o d u c t  d e te rm in e d  by  d y e - b i n d i n g . J .F d .S c i .V o l .
P

2®a t r R e se a r d h *W o r k e r s ^ B r is to l] r8 : 10^ 393^ r a ""r e d  ^ “ ^ i o n . P r o c . S O t h  E u ropean  M eetin g  o f

^ e r z e ^ s I I ñ ! F ! e i s c f v o l ? 6 j 0 9 - í ^ ! C h n e l lb e S t i™ ^  d e r  E iw e isS e h a l t  von F le i s c h  und F l e i -

4 oa^ E - 1979- ? e t e r +l n k i ° n P r o t e in  c o n te n t  o f  c e r t a i n  m eat p r o d u c ts  b y  u l t r a v i o l e t
,.us 0r p t i o n  s p e c tr o p h o to m e tr y .A cta  A l im e n t a r i a ,V0I . 8.N 0. 2 .1 5 9 - 1 6 7 .
MeatUf^ - , ’>=+H* 'D e S t a n lv;Mn19? ^ * N ear d(-n f r f r'ed  r e f le c t a n c e / N I R / r a p i d  a n a l y t i c a l  m e th o d o lo g y .P ro c . 6 r I n d u s t r y  R e se a rc h  C o n fe re n ce .A m e rica n  M eat I n s t i t u t e , 7 - 1 7 .  sy
*348-352’J"1971*Bi°Chemia kllniczna " interpretare i metodyka.PZWL,Warszawa,8-14,308-3 11,

c^ s !p r o o t pL+h, P n ^ ey áD* ? '° r S Í ’ F * 19J 8MC:0+ t ? ÍbUtÍC>n t o  th e  Pr o t e l n  d e te r m in a t io n  in  m eat p ro d u - 
8. oC+=2C* , í S o S u í ? peM1^ E o n g r e s s  o f  M eat R e se a rc h  W orkers,K ulm bach , V o l . I l l , L  1 : 3 .
9*0no v 3 ’ y * 2 ’ ? 1„ me2t y  1 metodyka  dosw iadczalnictw a.FW N ,W arszaw a.

»P)» p »1 9 8 4 .R a p id  m ethods o f  p ro x im a te  a n a l y s i s .P r o c .3 7 t h  Annual
10 p=++o c a ^ C o n f .o f  th e  A m erican  M eat S c ie n c e  A s s o c i a t i o n .85- 93.
4 r v P ^ 0^ R: Lí S ' 198^ S ,?oe developm ents in  a n a ly t ic a l  tech n iq u es r e le v a n t  to  th e  m eat in du- 
s0 c f l+ r ° CI-OÍT.a  f y “ P ° slum  R ecent advan ces in  th e  ch em istry  o f  m e a t lE d .A .J .B a ile y .T h e  R oval

11 Ta t y  o f  C h e m is tr y ,W h it s ta b le  L i th o  L t d .1 9 2 -2 1 2 . w . D< u ie y . in e  Koyaj.
® i t t e l l p ^ * 9A ÍÍepÍ n S ’ A’ 19o8 ' ZUr V ery eS dUí g  v0n  Blu-t ,B lu t p la s m a  und B lu^erum  a l s  N ah run gs- 
2.1 om = a ? C* «  , , E u ro p ean  C o n g re s s  o f  M eat R e se a rc h  W o rk e r s ,K u lm b a c h ,V o l.II I .H  2 :3 .

1 j U° t s ^01^36 *507-509U l t r a v l o l e t  s P ec tro m etr ic  d e te rm in a tio n  o f  p r o te in  in  some fo o d  p ro -

VOn S c h la c l t t iE r b lu t  fÜE - e n l i s c h e  E rn ah ru n g .

: v ó l ? Í § ;  27I . v o n  S c h la c H t ie r b lu t  z u r  m e n lisc h e n  
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TABLE 1.

d i r e c t  m easu red  d a t a  and p r o t e in  c o n te n t  c a l c u l a t e d  u s in g  r e g r e s s i o n  e q u a t io n s  f o r  se v e n
^ _ ® e th o d s  o f  p r o t e in d e te r m in a t io n i n  sw in e  b lo o d p la s m a ./n  = 45 b a t c h e s x  4  r e p l i c a t i o n s / »

Trait M: E T H 0 D No.

1 2 3 4 5 6 7

'1sah / x / 5¿84 1.03111 1.34832 0.00782 0 .4 2 0 3 0 .8 8 0 3 0 .7 3 0 3

P^ t eln %
Sd.

5 .8 4 5 .8 3 5 .8 3 5 .8 3 5 .8 4 5 .8 2 5 .8 5

0 .6 3 1 0 .0 0 3 0 .0 0 1 3 5 0.00121 0 .0 4 1 0 0 .1 1 6 5 0 .0 9 1 0

, 'P r o t e i n  % 
1*4

0¿631 0 .5 7 0 0 .5 8 7 0 .5 7 4 0¿602 0 .5 6 4 0 .5 7 8

2 .6 9 0 .0 1 2 5 0.0056 0 .0 0 5 2 0 .1 9 0 0 ;5 0 0.380
Protein %

V w
2 .6 9 2.36 2 .4 2 2 .4 6 2 .5 3 2 .4 3 2 .4 3

V%
'^P^otein %

1 0 ¿80 0 .3 0 0.10 0 ¿ 5 1 6 9 .5 0 1 5¿30 1 4 .9 0

1 0 .8 0 9 .7 8 1 0 .0 7 9 .3 4 1 0 .3 1 9 .6 9 9 .8 8

1 = d20 * 2 =  n20 » 3 = a b so rb a n c e  ; 4  = r a n g e
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TABLE 2.

Selected characteristics of various methods of protein content determination
in swine blood plasma. / n = 45 batches x 4 replications/. __.

Method
No.

Regression equations 
percent of protein

Correlation
coefficient

M E T H O D
Sensitivity % Precission Accur&cyJ’*’̂

1 . reference reference 0.04 0.075 reference

2. 188.666 x d2Q - 188.699 0.902 0i02 0.020 + o • A) O VJ\

3. 473.864 x n2Q - 575.736 0.925 0.05 0.055 + 0.193

4. 473.864 x ^ n 20 + 2.139 0.909 0.06 0.060 + 0.224

5. I4i649 x A A " 0-297 0.952 0.15 0.136 + 0.157

6. 4.841 x -A + 1 .560 0.894 0.05 0.141 + 0.243

7. 6.311 x A + 1.227 0.910 0.06 0.121 + 0.201

d20 = specific gravity ; n2Q = index of refraction ; A = absorbance ]

= difference in absorbance ; A  n20 = difference in index of refraction

TABLE 3'

Assessment of the precission of various methods of protein determination
in swine blood plasma by Bertlet test

Bertlet test 
/method/

Precission
S

Variation
S2

S^ean C Q X 2 Sd f ? ^

KJeldahl
Densimetrio
Refractometric
Refractometric
nhakasa
Tema and Nakai 
Gabor

modi

0.075 
0.020 
0.055 
0.060 
Oil 36 
0.141 
0.121

5.63x1 0“5
0.40x10 ^
3.03x10"^3.60x10 0
0.0185
0.0199
0.0146

9.38x10“3 1.0086 168.45 12.59 S i S^ '

Ahokosa
Toma and Nakai 
Gabor

0.136
0.141
0.121

0.0185
0.0199
0.0146

0.0177 1.0101 1.079 5.99
Not . 
SIS^

Kjeldahl
Densimetrio
Refractometric
Refractometric mod.

0.075
0.020
0.055
O.O6O

5.63x10”! 
0.40x10 i. 
3.03x10 
3.60x10 0

3.16x10-3 1.0095 61.67 7.82 SiSP^'

Kj eldahl
R ef ractometric
Refractometric mod.

0.075
0.055
0.060

5.63x10~\ 
3.03x10 J, 
3.60x10 ^

4.08x10“3 1.0101 4.58 5.99
Not . 
S i A ^

Q = empiric value of Bertlet test J C = parameter which depends on 
samples

quantity of methods
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