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The ISO and AOAC methods fo r  ash d eterm ination  in  meat and meat products are compared w ith the method 

approved fo r  the Cuban meat industry and a fourth  method using a g ly c e ro l-e th a n o l m ixture fo r  hastening 
the com bustion.

Samples o f  sev e ra l meat products were sim ultaneously analyzed using the fob r methods. Their p re c is io n  

( 2 s )  and r e p e a ta b il i ty  (2sV 5) were ev alu ated , and recov ery  te s t s  were c a rr ie d  out sp ik ing the sjm ples 

w ith  HaCl.

The ISO method gave s ig n i f ic a n t ly  h igher r e s u lt s  (P < 0 ,0 1 ) .  I t s  re c o v e rie s  d id not d i f f e r  s ig n if ic a n t ly ,  

a t  the 51  l e v e l ,  from those achieved by the AOAC and g ly c e ro l-e th a n o l methods. The method approved fo r  

ind u stry  gave s ig n i f ic a n t ly  lower r e s u lt s  and re c o v e rie s  ( K 0 ,0 1 ) ,  due to  the e x ce ss iv e ly  high ashing 

temperatuare (6 5 cP c). Other s ig n if ic a n t  d iffe re n c e s  amongst methods were probably due to l lo s s e s  o f  mate­

r i a l  caused by in fla im a tlo n  o f  the sasg>les.

A ll fo u r methods e x h ib ite d  good p re c is io n  and r e p e a ta b il i ty .  The d iffe re n c e s  foiaid, although s ig n if ic a n t ,  

were ra th e r  sm all in  a l l  c a s e s , amounting to only 1 ,5  -  4 X o t  the ash co n ten t.

The adoption o f  the ISO method i s  recommended.
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Bestimmung des A schegehalts in  F le isch p rod u lten  

DANY PKREZ und 3USTAV0 ANDUJAR

I n s t i t u t  fflr  Forschung der L eb en sm itte lin d u strie , Havanna, Tuba

In d ie s e r  A rb eit wurden d ie  Methoden ISO und AOAC m it der Standardmethode fflr d ie F le is c h in d u s tr ie  Kubas 

und e in e r  Methode, d ie  auf der Zugabe e in e r  l'ischung von G lyserin -Sth ano l zur Probe b a s ie r t ,  d ie  das 

V erfahren b e sch le u n ig t, v erg lich en .

Die Proben verschied ener F leischp rodukte wurden auch g le ic h z e it ig  m it den v ie r  Methoden a n a ly s ie r t . 

Ausserdem wurden d ie  P rä z is io n  (2 s )  und d ie  W ie'¡erh olbarkeit (2sWS) dar Methoden ausgew ertet und Versuche 

zur Wiedergewinnung durch A ddition von NaCl tu  den Proben durchgefflhrt.

Die ISO Methode ergab höhere s ig n if ik a n te  Werte im V erg le ich  zu den anderen (P < 0 ,0 1 ) und ih re  Wiederge­

winnungswerte zeig ten  keine s ig n if ik a n te n  Unterschiede m it denen, d ie  b e i der AOAC—Methode und b e i der 

Mischung G lyzerin-Ethanol gewonnen wurden. Die Irrtu m sw ahrschein lich keit betrug 51t. Die in  der In d u strie  

s ta n d a rd is ie r te  Methode ergab R e su lta te  und Wiedergewinnungswerte, d ie  s ig n if ik a n t  n ie d rig  waren, im 

V erg le ich  zu den anderen (p < 0 ,0 l ) ,  was der vorgeschlagenen hohen Veraschungstemperatur (65CPc) zugeschrie­

ben w ird . Andere s ig n if ik a n te  U nterschiede der R e su lta te  sind  w ahrschein lich  durch MaterialVerschleppung
i

bei der Entflammung der Proben v eru rsach t worden.

Die v ie r  verglichenen Methoden z e ig te n  gute P rä z is io n  und W iederholbarkeit. Die gefundenen D ifferen zen , 

Venn auch s ig n if ik a n t , waren in  a lle n  F a lle n  gering und lagen zviechen 1 ,5  und 4 t  de9 A schegehalts.

5s wurde d ie  Aufnahme der ISO-hethode vorgeschlagen.
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On compare dans ce travail les méthodes de ISO et AOAC pour la détermination du contenu de cendres dans 
la viande et les produits de viande, avec la méthode normalisée pour l'Industrie de la Viande à Cuba, 
et une méthode basée sur l'addition d'un mélange glycêrine-ethanol pour accélérer le procédé.
On a analysé, en même temps, des échantillons de différents produits de viande par les quatre méthodes. 
On a évalué aussi la précision (2s) et la répétibilitê (2sVâ) des mêmes, et on a fait des essais de ré­
cupération ajoutant KaCl aux échantillons,
La méthode ISO a apporté des résultats significativement plus hautes (P<0,01). Ses récupérations ne 
different significativement pas, au niveau du 5 X, des obtenus par les méthodes de AOAC et le mélange 
glycerine-ethanol, La méthode normelisée dans l'Industrie a donnée des résultats et récupérations sig­
nificativement plus bas (P<0,0l) que ceux du reste des méthodes, ce qui est attribué a la température 
d'incinération excessivement haute (650°cJ. Autres différences significatives entre résultats peuvent 
s'expliquer probablement par le traînement du matériel par inflammation de l'échantillon.
Les quatre méthodes comparéss ont donné bonne précision et repetibilité. Les différences trouvées, 
quoique significatives, ont été dans tous les csa plus bien petites, représentant 1 ,5 - 4 X du contenu 
de cendres.
On recommande l’adoption du méthode ISO.

O u p e a e a e m e  çoaepxaHHH boum b  mhchmx npQÆ Ptiax  

flAHH I1EPE3 g nrCTABO AH/tiXAP

HccjieflOBateiiBCKHft HHCTUTyi niineBott iipoiihiiiiohhocth ,  ra B a H a ,K y d a .

B BTott p a d o ie  c p 8Bh h b8dtch  motoah ISO g AOAC c o  c t8ha8pthhm motoaou juih mhchoH n p o -  
HHBUieHHOCTH KyOil g IieTOgOM, 0CH0B8HHUU H8 npHU0H0HHH 01(6CH riIHI18pHH-8Ta H0JIB 0 P0JTBD 
ycRopeEHH n p o n e c c a .
AH8AH3HP0B8HU OAHOBP0M0HHO P88HH6 UHCHH0 TipOAyKTH ÏÏO BblUlOyKasaHHHM MÜT0A8U. KpOlie T 0 -  

r o  oueHHfaeTCH h x  ïo q H o ciB  /  2 (T /  h hobtopohoctb /26" Æuh ï o r o ,  ito(3h boo-
GT8H0BHTB 0CT8T0K A0d8BJIH6TCH B OdpaBUH BaCÜ .
iaH H H e, noJiyiieHHue no î io io s y  ISO , Ouïra 8H8i h t 61ibho bhh6 / P  <  0 , 0 1 / ,  qeii no octaiiBHHU 
u e io A a x , a p e a y n B ia iH  oct8tkob BesHatrareiiBHO OTiraqauTCH Ha ypoBHe 5% o i  oct8t k o b ,  n o -  
xyqeHHHe no g e io a y  AOAC h oueou n rap ep H H -B iaH oiia. P e 8ynBTaTn, noiiyqeHHHo no o m / j a p i -  
H0ny i ie io s y  b  mhohoH npoiwniJieHHOCTH, Ouïra 8HaqHTenBH0 hhio  / P  <  0 , 0 1 /  p'esyxBTaTOB, n o -  
ayneHHHx no ocianBHHii n e ro fla ii, q io  iioxho o m e crH  s a  o q ë i  npeflxaraenofl reiinepaiypH  c m -  
raHHH, KOiopan qpeaiiepHO bhcok8h / 6 5 0 ° C / .  Æpyirae 8HaqHT8iiBHHe pasiraqHH ueMxy p e s y i t t -  
ib t s iih  hoxho BepoHTHO oObhchhtb y ip a ro ft  uaT0pnan8 npH BoennaugHeHHH oO paspa.
B ce  q e iu p e  opaBHHBeeiiHx ueTopa noRasuBaBT x o p o iy n  ToqHOCTB h noBTopHOCTB, HaflseHHue 
pasiraqHH, h cm oïph  Ha cbod  8HaqHT8HBH0C iB , Owih  bo B c e x  cnyqaH X, rnaBHHH oOpa80M, H H 8- 

khuh ,  b  n p exen e 1 , 5  -  ot coaepxaHHH s o ira .
PeKoiieHayeroH np iieHeHHe iieToaa 130 .
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Introduction
The "ash" of meat products may be defined as the inorganic residue remaining after the combustion of the sample 
in the presence of air at atmospheric pressure. It is composed of the mineral constituents of the sample in the 
form of oxides, sulphates, phosphates, silicates and chlorides, the proportions of which depend on the initial 
composition of the sample and the ashing conditions.
Methods for ash determination in meat and meat products are generally based on the drying and charring of the 
sample folloved by its combustion until white or light gray ashes are obtained. There are differences, though, 
anting St the various recommended methods, as to charring procedure, ashing temperature and whether or not to add 
reagents in order to hasten the combustion. Modifications of this sort arc present in the ISO (107 ■) and 
AOAC (1970) methods, a method described by Lees (1971) and the method approved for the Cuban neat industry 
(Cuba, 1969). These and many other such modifications have been reviewed bv Joslvn (1970).
In this paper the above mentioned methods are compared in order to chose the most suitable one from the stand­
point of speed, accuracy and reliability.

Material and methods
Sample preparation« Samples weighing more than 250 g each were passed three times through a meat grinder provid­
ed with a 3 mm plate, thoroughly mixing after each operation, llomooeneized samples were stored in cómele!ely 
filled, tightly closed bottles, at about -18°C, until used.
ISO method (1970)« In this, as in every other method, empty dishes were heated in the muffle furnace at r c 
temperature prescribed in each case, for about 20 minutes, and weighed to 10 ,1 mg, after cooling in a desic­
cator.
About 5 g of the sample are weighed into the dish to the nearest 0,1 mg. 1 ml 15% (>yv) magnesium acetate 
Solution, the residue of which after ashing is known to ±0,1 mg, is pipetted in, spreading it .is uniformly as 
Possible over the sample. The dish is kept over a steam bath for 30 minutes, and the sample is charred on a 
heating plate or low flame. It is then placed in the muffle furnace, at 550°-600°C, for not less than 30 minutes 
cooled in a desiccator and weighed to ±0,1 mg. The ashing procedure is repeated until two successive weignings 
do not differ by more than 1 mg.
AOAC method (A 0A C.1970)« A 5 9 to 10  g sample is weighed to  the nearest 1 mg, and d ried  by putting the die., 
over a boiling water bath. A few drops of vegetable oil are added, and the dish is gently heated over a low 
flame or under IR lamp until frothing ceases. Ashing is carried out at 525°C until white as íes are obtained.
The dish is weighed to ±0,1 mg, the ashes moistened, with a few drops of water, dried over steam bath or heating 
plate, and muffled again, until constant weight is attained.
lees' method (Lees,1971)« A 5 9 sample is weighed to the nearest 1 mg, and dried over a steam bata. 1 ml of an 
ethanol-glycerol 5OX (v/v) solution is added, and the sample is then charred over a low Punscn flame, followed 
hy ashing at 550°-57CPc for 1 hour. The ashing phase is repeated until constant weight is attained.
Standard method for the Cuban meat industry (Cuba,1969): A 5 g sample is weighed into a porcelain crucible and 
charred on e heating plate. Ashin« is performed at 650°C for 2 hours, after which the dish is cooled in a 
desiccator and weighed.
15 samples of 5 different products were analysed by each method, in duplicate. Result" were >o ! 1 d ly 
analysis of variance. An additional comparison was carried out with 10 replicate analyses by ear. met.ioe on 
Portions of the sane sample. These results were ,dro compared by analysis of variance, and fror them t e
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precision (2s) and repeat ability (2sV2) of -.rt method were evaluated. ~
As haOl in the main component - f the ash of Meat productthe percentage recovery of the four methods was det- 
erttired by piking the samples . tl, diff rents anon ts of « 1« (tyv) Dad solution of exactly known concentra­
tion. Result-, were evaluated b. analysis of variance.

Result^ . iid d:3ci'Ssioi
lean results for each method and product are 
shown in Table 1. Hie corresponding .inalysis 
of variance, summarized in Tabic 2, shows a 
highly significant difference amongst methods 
as well a3 amongst samples (P< 0,001 ). Hie 
reasons for the later are obvious, since 
samples of products varying widely in ash 
content Here analyzed. Table 3 presents the 
results of the comparison of the 4 methods 
by means of Duncan's multiple range te3t 
(Duncan,1955). Hie ISO method gave signifi­
cantly higher results (P<0,01) than the 
rest of the methods.
Table 4 shows the mean values and measures 
of variation - standard deviation(s), coef­
ficient of variation (l00*s/x), precision 
(2s), and repeatability (23V?) - of the re­
sults of 10 replicate analyses by the four 
methods on portions of the 3amc sample. All 
methods exhibited a low variation of results, 
the coefficient of variation being about 1* or 
less, and consequently, good precision and re­
peatability.
No significant differences were fotuvi amongst 
variances, according to Fisher's "F" test. Hie 
analysis of variance, summarized in Table 5, 
again established significant difference 
amongst methods (P< 0,001). Duncan's test (Ta- 

8) verified that the ISO method gives sig­
nificantly higher results (p<0,0l), but also 
showed a significant difference between the 
industrial standard method and the other three, 
results of the former being significantly 
lower (P<0,01).
Hie analysis of variance of the results of the 
recovery test Is shown in Table 7. A signifi­
cant difference was found amongst nethods 
(p<0,0l) , Duncan’s test showing that the 
significance is due to the lower results 
(p<0,0l) given by the industrial standard 
method (Table 8).
Ashing temperature plays an essential role in 
this event, 1-emperatures above 600°C cause 
volatilization losses of various minerals

Table 1.- llean ash content for each product aiid method.
Product !\miber of bean ash conte:i U 2lsa-iples ISO A0A0 Lees IAS SO

ll*wn s au age 6 4,56 4,41 4,34 4,30Smoked '-•boulders 2 5,03 5,00 4,9« 4,91Smoked loins 3 6,48 6,28 6,28 6,38Ham 1 2,81 2,76 2,72 2,72"JanonadrV 3 4 ,10 4,03 4,05 4,12
{lean ̂ csultn 4,80 4,68 4,64 df 66

Table 2.- Analysis of v,iriance of ash content of 15 samples.
Source of Sum of Degrees of Mean FVariation Squ.iroo freedom Square Value
Methods 0,2136 3 0,0/119 8,16**'Samples 58,6817 14 4,1916 480,5*"Error 0,3663 42 0,008724 -Total 59,2616 59 - -
*** P< 0,001

Table 3,- Duncan's test of mean values of ash content-
Feantie thod Result

ISO d,80a
AO AO 4,68b
bees 4,64b

IAS Std. 4,66b

Mean values without common letters d if fe r  at P < 0,01

Table 4,- Mean values and measures of variation of 10 re­
plicate analyses of the same sample.

Method ISO ADAM Lee9 IAS Std.
Vo. of replicates (n) 10 10 10 10Kean value (x) 2,228 2,195 2,184 2,138Standard deviation (s) 0,0199 0,0158 0,0227 0,0187c. of vari ation(l00s/x) 0,092 0,7« 1,04* 0,87*Precision (2s) 0,040 0,032 0,045 0,037Repeatability (2sV2) 0,056 0,045 0,064 0,053

Table 5.— Analysis of variance of the results ssumnarized in Table 4.

Source of Sum of
Variation Squares Degrees of Mean F

Freedom Square Value
Methods 0,04153 
Error 0,01361 
Total 0,05514

3 0,01304 36,61***
36 0,000378
39 -

*** P< 0,001
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industrial standard method, ashing at 650°C, Table 6.- Duncan's test for neau valut»

(jives lower recoveries than the other methods9 reported in Table 4.
using asliing temperatures of 600°C and below. Method P?an

y.Tzlit

Although the AOAC and Lees* methods gave good ISO 2,21*
recoveries, their results for ash content were 
lower than those of the ISO method (Table 3). 
This proves that losses are not due in this

AOAC
Leer.

IAS Std.
2. »i
2*18c2.14C

Case to volatilization, but to some other me­
chanism, probably mechanical. Thus, in the AOAC

Kean values vithojt co-vnon differ at P< 0,01
letters

method, the sample is not totally charred prior Table 7«- Analysis of variance of recovery t«*;t results*
to ashing, so that during the first phase of Source of Sura of Degrees of Ko an F
the combustion this might proceed too rapidly. Variation Squares Freedom. Square Value
In Lees' method, on the other hand, at the begin­
ning of the charring operation, the alcohol pro-

Methods 
Error 
lb tal

64,145
25,45589,600

3
12
15

21,332
2,121

10,08»«

ient hursts into flames, and this also may 
cause sample particles to be blown out of the

** P<0,01

dish. Table 8.- Duncan's test for recovery data.
It is worth noticing that the differences ob- Method

f C VI
serve. 1, although statistically significant, are ISO 100,7*
bather 3inall, amounting to a mere 1,5 - 4 X of 
the total ash content.

AOAC
Lees 

IAS Std.
99,5* 99,3T 
95,?

Results show that the ISO method gives the best 
recoveries together with the highest ash values,

a*b Mean values without cwmin 
differ at P< 0,01

letters
011 this indicating minimal losses of material.
This is ascribable to the conditions of operation and the use of i.̂ gnesium acetate as an auxiliary agent in 
combustion, the convenience of which had already been indicated by Bailey (1937) in the .analysis of flours. 
The method established by the industrial standard, on the other h.uid, illustrates the inconveniences of a 
high ashing temperature, giving results and recoveries significantly lower than the other methods tested.

Conclusions
The ISO method gave significantly higher results than the other methods tested. Its recoveries were among 
the highest achieved with these methods.

2«« Hie standard method IAS 2-043 gave lower recoveries and, in one of the experiments, lower results for ash 
content, than the other methods tested.

3—  The AO AC and Lees' methods gave high recoveries, but their results for ash content were significantly lower 
than those of the ISO method.
All four methods shoved good precision and repeatability, the differences found amongst then being rather 
small, although statistically significant.

5>* The ISO method id recommended on account of its speed, accuracy nrel reliability for the determination of 
ash content in meat products.
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