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PIOXIHATI AlfALYSIS or rIsa TISSU! 8Y 

HID-IHI'RARID TRAHSltISSIOH SPlCTBOSCOPY 

Mid-infrared spectroscopy was assessed as a means for rapidly 
determining the fat, protein and moisture content of fish tissues. 
For fat and protein, a sample preparation protocol was developed for 
the con'fersion of fish tissue into a milk-11!~e emulsion for analys1s 
by a Multispec MK1 infrared milk analyser. Fish (cod, tuna and 
mackerel) were minced, dissolved and emulsified in O. 2N NaOH usina a 
Brinkmann Polytron and analysed for fat and protein usina the 
conventional fat and prote in wavelengths used for milk analysis. 
Instrument calibration for fat and prote in was based on the Mojonnier 
and Kjeldahl procedures respectively. Moisture was determined 
separately by extracting the water f rom the minced tissue using 
absolute metha:lol and measuring the absorbance of the resul tins 
solution using a 5.5616.02 um fil ter pair. The instrument was 
calibrated using standardized water/methanol mixtures and the results 
compared to the standard vacuum oven method. Rapid analyses of fat 
and protein were possible giving individua! resul ts to wi thin 1% of 
the standard chemical determinations. Moisture analysis a1so worked 
well, being more precise and rapid than the vacuum oven procedure. 
The limi ting factor in the use of Mid- IR spectroscopy for proximate 
analysis appears to be a combination of sample composi tional variation 
and/or the:. general reproducibili ty of the commonly employed standard 
method~. It was concluded that the analysis of fish by mid-infrared 
transmission spectroscopy cou1d serve as a means for rapidly carrying 
out the proximate analysis of fish and fish products for quality 
control purposes. 
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RlSUHI 

ANALYSE APPROXIMATIVE Da TISSUS DI POISSONS 

PAR LA SPECTROSCOPII DB ftANSHISSION PAB ltID-INI'lWlOUGI 

La Spectroscopie par Mid-infrarouge a été evaluée comme moyen 
rapide d'évaluation du contenu en gras, en prot'ines et en humidité 
des tissus de poissons. Pour le gras et les prot'ines, un protocole , , "~,,,,-

pour la preparation d'echantiiions a ete developpe pour la conversion 
des tissus de poissons en une émulsion crémeuse à être analysée par un 
analyseur de lait par infrarouge, le HuI tispec HKl. Les poissons 
(morue, thon et maquereau) ont été hachés, dissouts et emulsifiés avec 
du O. 2N NaOH utilisant le Polytron Brinkmann et analysés pour le gras 
et les protéines selon les longueurs d'ondes conventionnelles 
utilisees pour l'analyse du lait. La calibration de l'appareil est 
basée sur les méthodes Mojonnier et Kjeldahl respect1 vement. 
L' humidi te a ete determinee separement, extrayant l'eau des tissus de 
poissons utilisant du Methanol pur et mesurant l'absorption des 
solutions obtenues par l'utilisation d'une paire de filtres 5.56/6.02 

)lm. La calibration de l'appareil a été faite selon les mélanges 
standards eau/Methanol et les resul tats comparés a ceux de la methode 
standard du four sous vide. L'analyse rapide du gras et des protéines 
a été possible donnant des resultats en deca de 1% des méthodes 
chimiques standards. L'analyse de l'humidité a aussi bien réussi, 
étant plus precise et rapide que la méthode du four sous vide. Le 
facteur limitant son utilisation pour les analyses approximatives 
semble être une combinaison d'échantillons de composition différente 
et/ou la reproducibilité générale des méthodes conventionnelles. Il a 
été conclu que l'analyse des poissons par spectroscopie de 
transmission Hid- IR pourrai t servir comme moyen d'évaluation 
approximative rapide pour les poissons et leurs sous-produits aux fins 
du controle de la qualité. 
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CBAPDR 1 

IlftRODUCTION 

The succe3sful application of mid-infrared transmissior.. 

spectroscopy to the rapid and quanti tati ve analysis of milk has had a 

tremendous impact on the dairy industry in the industrialized world 

(Biggs 1967, Grappin and Je'lnet 1976). The speed of mul ticomponent 

analysis for fat, protein and lactose along wi th i ts sound correlation 

wi th the more time consuming standard chemical methods has led to i ts 

world-wide adoption for producer payment (van de Voort 1980) and dairy 

herd improvement work (van de Voort et al. 1987). Aqueous infrared 

transmission spectroscopy is based on the absorption of infrared 

energy at specifie wavelengths by functional groups '.Jueh as the 

carbonyl group in the ester linkage (5.73/5.58 pm) of fat or the 

peptide bond (6.46/6.68 pm) of proteins. Al though water interferes 

significantly in the mid-infrared region of the spectrum, modern 

interference filter instrumentation, using a na.l"row ("'40 pm) calcium 

fluoride cell, a short optical path and sensitive infrared detec-tors 

are capable of overcoming this formerly formidable Ibti tation. To 

date, these instruments have been specifically nesigned for milk 

analysis; however, the potential exists to expand the use of this 

methodology to other food systems. Some of the applications 

investigated include the analysis of fat and protein in Meat products 

(HUIs et al. 1983, 1984), the studyof sugars (Hills et al. 1986), 

ammonia in Kjeldahl distillates (van de Voort et al. 1986) and the 

development of a method of moisture analysis (van de Voort et 

a1.1988) . Canada is a leading world exporter of fish and ls in the 
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process of diversifying its processing operations to produce more 

value added products rather than simply exporting the raw material. 

The suceess of surimi and related products has led to the concept of 

using fish tissue as a base component fer producing new value add~d 

products and off ers new ways to make use of underutl1ized species. 

Mechaniea1 deboners and more efficient proeessing techni~ues have also 

reduced waste and allowed more fish f1esh to be recovered, whieh in 

turn can be formulated into products su ch as fish patties, fish balls 

and other reformed products. The moisture ~ontent of fish affects it 

stability, processing characteristics and retail value and can vary 

substantially with s~ason and reproductive cycle (Love 1976). The fat 

portion is a eomplex mixture of triglycerldes, phospholipids and other 

minor lipid constituents, the total content of which ls also highly 

variable and its determination ls crucial for tbe assessment of fish 

stability (susceptibility tu autoxidation) during frozen storage, 

adjustments for processlng requirements (canning) and nutritional 

labelling (Anon 1979). Protein is the main functional and nutritional 

component of fisb tissue and also varies con~iJer~bli within and 

between speeies (Konosu et al. 1974). The ffianufacture of formulated 

processed products requires more stringent raw materi~l quality 

control assessment and Most commonly involves the analysis for fat, 

protein and moisture. Conventional metbods for the determination of 

these components, i.e., vacuum oven for moisture, the Bligh and Dyer 

method (1959) for fat and the Kje1dahl (Concon et al. 1973) for 

protein are slow and time consuming. 
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The proximate analysie of food producte, includin, flsb, ls an 

on,oin, concern and expense in the food industry. Previous work had 

shown that mid-infrared transmission analysle could be used to 

determine fat and protein in raw and processed meat (BJarno, 1981. 

1982, Mills et al. 1984). The success of surimi, its related 

products, and the more efficient use of mechanically deboned fish 

tissue in formulated products requires that more consideration be 

given to ensuring and/or adJustina the uniformity or composition of 

the raw material. Substantial research is being do ne to simplify or 

automate proxlmate analyses of food to min1m1ze the labour and time 

factors associated with the traditional standard methods. Near 

infrared spectroscopy has made the greatest strides in this regard 

(Williams and Norris 1987), while mid-infrared speetroscopy has 

dominated milk analysie, but has not seen widespread development for 

other products. The mid-infrared portion of the speetrum has the 

advantage of being more specifie 1n its measurement, sinee it is based 

on the measurement of fundamental wavelengths rather than overtones 

(van de Voort, 1980). Clearly sample preparation is a potential 

limitation, however the conversion of samples to a milk-like emulsion 

is not complicated and ia possible for many food systems. This thesis 

reports on the development, assessment and application of mid-infrared 

transmission spectroseopy as a means of providin, proximate analysis 

(fat, protein and moisture) data for fish tissue. 
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CIIAPftR Il 

LIDRAt'UB IIVIa 

2.1 IR SPBC!'I06COPr 01' AQUIOOS SYSUHS 

Historically. IR spectroscopy orisinated in 1800 wi th Sir 

William Herschel's work and his reco,nition of considerable heatin, 

effect beyond th~ red area of the visible spectrum. Usin, 

the~ometry. he was the first to prepare an infrared spectrum, by 

plottins temperature of IR radiation passins throuah a sample as a 

function of wavelenaths, and the term Il infrared" is a product of his 

observations. Today, the infrared re,ion is considered to lie between 

the visible and microwave reliont takins into consideration the 

wavelenlths from 0.7 microns to 100 microns. Some 100 years later, 

William W. Coblentz (1908) carried out systematic studies of infrared 

absorption of var10us compounds and prepared a collection of IR 

spectra over the 2.5 and 15 um range and established the link between 

molecular structure and the infrared spectra. Infrared analysis 

lanauished for Many years because of instrumental limitations, until 

the development of double-beamed spectrophotometer equipped with 

choppers which compensated for the solvent spectra and detector 

response to environmental temperature chanaes (Lacomte 1948). 
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Instrumental advances allowed extensive headway to be made 

in relatin, functional ,roups to specific frequenciea and the 

elucidation of molecular structures. Most IR spectroscopie work was 

restricted to mulls and compounds which could be dissolved in IR 

transparent solvents sueh as CCl4 and H2S. 

Water was not eonsidered as a solvent for infrared analysis 

due to its strong, broad absorption bands which obseured the 

absorption bands of the components to be analysed and due to the 

limitations of salt windows. Some preliminary work was however 

attempted and Gore (1949) published aqueous infrared spectra of a 

variety of amino acids. In 1953, Lenormant et al. obtained spectra 

of plasma prote in solutions usina a double-beamed sP8ctrophotometer 

which compensated for solvent absorption by the placement of the same 

solvent in the reference beam. The same group published a series of 

IR spectre of biologieal polymers in water and deuterium oxide 

solutions. This work proved that with proper instrumentation, aqueous 

IR spectra couid be obtained from aqueous solutions in the reaion of 

6.5 to 10pm. 

In 1954, pyler and Acquista published spectra of water, 

which revealed that the are a between 6.5~m-10pm was capable of 

sufficient transmission for quantitative analysis. In 1956, Potts et 

al. developed one of the first permanent barium fluoride cella with a 

pathlength of O.027mm which was durable, could be polished, was 

insoluble in water and IR transparent up to 12.5pm. Scientists at Dow 
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Chemieal Co. utilized these cella in a double-beaaed apeetrophotometer 

that they desianed and obtained quantitative spectra of or.anie aeids, 

glycols, and other compounds which could only be analyzed in aqueous 

solution. Due to the ener,y lost via water absorption, both the 

entrance and exit slits were widened by (I/T)0.5, where T is the 

percent transmission of water. In 1955, Kaye published details 

pertaining to infrared transmission. water solubility and refractive 

index of a series of useful window materials. Another further advance 

was the development of diffraction grating initially incorporated 

into the Grubb Parsons GS2 gratina specrophotometer, desi.ned by 

Martin (1956). 

A major contributor to aqueous IR spectroscopy was Goulden 

(1959a) who made substantial headway using barium fluoride cells to 

obtain spectra of carbohydrates. amino acids, and other biological 

compounds, including lactose and inorganic salts. In 1965, Thompson 

developed techniques for preparing cells having a pathlen&th of 0.4-

1.7pm to reduce the effect of water absorption. 

The use of IR spectroscopy in the field of food analysis was 

limited as a result of difficulties involved in sample preparation as 

well as the fact that water is a constituent of most food systems. In 

1959, Goulden, an innovator in the application of quantitative 

analysis, measured lactose in milk within an accuracy of 1.5~. In 

1961, he noted that under favourable conditions. infrared spectra of 

homogenized milk revealed major absorption peaks at 5.8, 6.5 and 
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9.6pm. These peaka were related to fat (carbonyl ester or c=o 

linkaae), protein (peptide or CONB linka.e) and lactose (hydroxyl or 

OH group) abaorbanoe bands respeotively. Goulden noted that, with the 

exception of the fat absorbance affecting the 6.5pm protein band, the 

absorbancies at 5.8 and 9.6pm were directly proportional to the fat 

and lactose concentrations. Improved protein results oould be 

obtained by using a correction factor based on fat. He alao 

demonstrated that quantitative IR measurements of milk samples would 

only be aceurate if the effects of light scattering were minimized via 

proper homogenization of the fat. Gouiden utilized his research 

results to design a commercial infrared milk analyser (IRMA). This 

instrument was commeroially produced by Grubb-Parsons of (England) in 

1964 and capable of determining fat, protein, lactose and solid non

fat (SNF) in Iess than 1 minute per sample. 

In 1967, one of the first prototypes was 

Ontario, Canada, where Biggs (1967) was involved in 

sent to Guelph, 

evaluatin, the 

instrumentation. This situation came about due to the fact that dairy 

plants were paying farmers on the basis of the Baboock and there were 

complaints that the test results were biased in favour of the 

processor plants. Biggs determined a number of variables to be 

important in terms of accuracy and reproducibility of the instrument, 

includin, homogenization efficiency, wavelength accuracy, adequacy of 

cell purging and instrument tempe rature control. Hethods were 

developed to control these factors and the precision of measurement 

was improved to +/- 0.03', and standard deviation between infrared and 
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the chemical m~thods were +/- 0.061, +/- 0.011 and +/- 0.06. tor fat, 

protein and lactose respectively. In 1967, the first production line 

instruments (called IRMA's), modified as per Bi88s's work, purchased 

and installed in Ontario and the CMTL (The Central Hilk Testina 

Laboratory) became the first central milk testing laboratory in the 

world. 

Shields (1968), the designer of the IRMA. joined rosa 

Electric Ltd in 1968 and designed a prototype infrared analyser based 

on multilayer dielectric interference filters rather than a grating. 

The instrument made use of a single cell, dual wavelensth system using 

optical filters to isolate the specifie wavelengths absorbed by the 

fat, protein, lactose and total solids. Reference filters were based 

on wavelengths not absorbed by these components. This approach 

eliminated the need for a diffraction grating, a reference cell and 

led to the development of the Hilkoscan 300 and 203 single cell dual 

wavelength IR milk analysers (Foss Electric Ltd, Denmark). 

Biggs (1972) continued to study the IR method for milk 

analysis and showed that the IRMA methodology was as efficient and 

precise relative to the standard methods; the Babcock for fat, 

Kjeldahl for protein and polarimetry for lactose. In 1979a, Biggs 

developed performance specifications for the infrared milk analysers 

including homogenizing efficiency, the effects of moisture in the 

instrument and the quality of the milks used for calibration. 
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In 1980, van de Voort evaluated the Hilkoscan 1~4 uain. 

selected herd milk and found that the instrument met the AOAC 

specifications for accuracy and reproducibility for fat, prote ln and 

lactose. Later, as founder of Multispec Instruments (Berwind 

Instruments Group, Birmingham), Shields introduced the Multispec MK1. 

In this instrument, pairs of filter~ (sample and reference) on a disk 

alternately intercepted a beam from the chopper and passed it through 

the sample to be analysed. The transmission wavelength of the sample 

filter was made to coincide with the major absorption band of the 

component of interest and the reference filter was set to a 

neiahboring wavelenath where the absorption was minim.l. By 

alternating the sample and reference beams via the chopper, two levels 

of energy reachin, the detector could be compared. The logarithm of 

the difference in signal was direetly proportional to the percent 

component in the sample which was transformed logarithmically and the 

results displayed directly in percent on a digital display. The 

advantages of this approach were the increased speed of analysis, the 

constant water concentration with the use of only one cell and the 

higher energy levels obtained with the wide band pass filters. 

In 1982, Mills et al. expanded on the IR spectroscopie 

applications to food systems. They studied the CH stretch (3.4pm> 

filter to gauge the IR absorption of fat in aqueous solutions. They 

cited that the use of a CH filter, a CO filter or a mixture of both 

could compensate for fats having differing molecular weiahts and 

degrees of saturation. 
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Bjarno (1982) attempted to utilize the IR analya1s 

methodolo,y for Meat products and based his calibration on milk 

samples, obtaining reasonable results for low resolution. quality 

control work. This work was expanded upon by M1lls et al. (1984) who 

demonstrated that the IR instrumental method could produce quality 

analytical results for fat and protein in Meat w1th a precision and an 

accuracy comparable to that of milk. as long as the calibration was 

based on the meat samples to be analysed. In terms of fat analyses, 

it was shown that the Mojonnier method was required as a calibration 

vehicle (Hills et al., 1983). Hills et al. (1986) also investigated 

the mid-infrared transmission spectroscopy of sugar solutions, using a 

specially designed IR spectrophotometer (Spectro-processor IV) to 

search for an isobestic point for multicomponent sugar analyses. 

Van de Voort et al. (1986) carried out a study to determine 

if the ammonium ion could be quantitated in aqueous solution by 

utilizing commercial infrared filter equipment such as the Hultispec 

MKI analyser. Based on this work. it was concluded that the IR method 

could obtain results with greater precision than the standard Kjeldahl 

distillation/titration procedure. 

Van de Voort et al. (1987) studied the stability of record 

of performance milk samples for infrared milk analysis and showed that 

lipolysis affected the carbonyl fat (5.13/5.58pm) and protein 

(6.46/6.68pm) signaIs when lipolysis was the sole variable affecting 
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the milk system. As part of the same study, N,-Kwai-Hanl et al. 

(1988) carried out a collaborative studJ assessinl the differences 

between IR analyses and the Babcock, Rose-Gottlieb and KJeldahl as a 

function of mllk quallty. 

In 1988, van de Voort et al. lnvestl,ated the utllity of the 

Multispec HKl analyser as a means to quantitate moisture in selected 

food products usin, a new 6.02pm/5.56pm wavelength pair. The results 

indicated that commercial filter based mid-infrared instruments such 

as the Dairy Lab, Foss 104 and 605 mllk analysers could be used for 

moisture analysis if such instruments were equipped with appropriate 

interference filters to carry out the determination. 

The potential for the application of infrared analysis to a 

variety of analytical situations has been demonstrated and other 

applications are worth explorin,. In Europe and Japan, Many processed 

fish products (i.e. fish loaf, fish pudding, fish nu,gets and fish 

pastes) are bein, marketed successfully. Similar potential exists in 

the Canadlan fish processin, industry, which requires product 

development technolo,y and the correspondin, development of more 

adequate quality control measures. Substantial research is beinl done 

to simplify or automate proximate analyses of food to minimize the 

labour and time factors associated wlth the traditional standard 

methods. Near infrared spectroscopy has made the Ireatest strides in 

this regard (Williams and Horris 1987), while mid-infrared 

spectroscopy has dominated milk analysis, but has not seen widespread 
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development for other products. The mid-infrared portion of the 

spectrum has the advantase of beinl more specifie 1n 1ts measurement, 

since it ls based on the measurement of fundamental wavelenlths rather 

th an overtones (van de Voort 1980). The conversion of samples to a 

milk-like emulslon is not complicated and is possible for mAn y food 

systems. This thesis reports on the development, assessment and 

application of mid-infrared transmission spectroscopy as A means of 

providing proximate analysia (fat, protein and moisture) data for fish 

tissue. 
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C8API'IR III 

HA!'IRIAL AND tanSODS 

3. 1 InstruileDtatloD 

A Hultispeo MK1 infrared milk analyser, manufactured by Shields 

Instruments Ltd, York, England (Biggs 1979b) was used for this work 

(Figure 1), modified only by placing a water wavelength filter pair 

(van de Voort et al. 1988) in the CH stretch wavelength slot on the 

filter wheel (Mills et al. 1982). Schematic diagrams of the major 

oomponents of the instrument are presented in Figures 2 and 3. The 

instrument was oonnected to a HP-8S micro-computer to process the 

uncorrected instrumental signaIs via a multi-component calibration 

equation into its final corrected forme After zeroing the instrument 

against water, the fat and protein ohannels were linearized using 

standard solutions of 1,4-butyrolactone and calcium propionate while 

for moisture, the instrument was zeroed against dry Methanol and 

linearized using water/methanol mixtures. 

3.2 rat and ProtelD 

Three types of fresh fish, tuna, maokerel and cod were purchased 

locally, minoed twice at room temperature through a 3.2 mm plate, 

mixed thoroughly, subdivided into homogeneous packets of approximately 

508 each and individually placed in zip-look polyethylene bags (Figure 

4). The sample bags were frozen in liquid air and stored at -18oC for 
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rlaure 1. The HIIltispec lEI vith BP-85 aicroprocesaor used for the 
proxlaate analysta of flab. 
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-----------------------------------------

rlaure 2. A scbe.at.lc dlaar_ of t.he ujor ext.ernal coaponeDts of the 
MUltlapec Hll, (AnoD~ua, 1985). 
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l'iaure 3. A sehellatie diqr_ of the optical. IleCbaDical and 1081e 
eoaponents of the Hui tispec ItiU. (AnoDPK>ua 1986). 
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use as requlred. For fat and proteln analysis. the s_ple preparation 

prot.oco1 prevlously used for meat. products (Hl11s et. al. 1984) was 

modlfled sll,htly (0.2N NaOH and 850C) to convert the minced fish 

tissue into a stable mllk-like emulslon. The basic process lnvolved 

the wel,hing of 20, of minced fish lnto a tared 500, beaker. the 

addi tion of one drop of a Dow Cornin, antifo.l1min, a.ent, followed by 

""150g of preheated (B5o e) 0.2N NaOH, after which the tissue was 

disrupted and emulsified for four minutes at hi8h speed usina a 

Polytron (Brinkmann Instruments Ltd). After blendin.. the Polytron 

stem was rlnsed wi th warm O. 2N NaOH using a squeeze bottle and the 

weight brought to 200, with the same solution. AlI operations were 

carried out on an aceurate weiaht/weight basis (2 place top loading 

balance) to ensure simplici ty of preparation and to maintain 

quantification. As a precaution to prevent any undissol ved tissue 

from clogging the 40 um calcium fluoride ceU, the sample ",as stralned 

through a small (Bcm diameter) stacked triple sieve set (sieve order 

100, 150, 325 mesh respecti'~ely) held in a Buchner funnel to allow 

passage of the solution into a 300mL screw capped container. Fi8ures 

5 and 6 illustrate preparation set-up and sample preparation protocol 

respectively. Prior to analysis, the sample container was placed in a 

400C water bath to match the operating tempe rature of the infrared 

instrument. inverted severai times to mix the sample and pumped 

through the instrument. The resul tin, emu1sion was ,enerally crey

brown to milk white in appearance dependin, on the f ish used and was 

subsequently analysed in a manner siml1ar t.o milk. 
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rlpn 1. SMple preparatloD protocol for the anal".ll of fat aad 
protelD CODteDt of fllh 

nIGB DACTLY 
20 GRAItS or HIRCBD rIss 

INTO 
500 IlL BIADR , 

1 DROP or ARTIFOAHING AGItrr , 
-150 • 01' 0.28 NaOS. 850C , 

DmLSIrY AT BIGB SPIID .01 , HIll. , 
RIRSI Mm BRIIfG OP 1'0 DACTLY 200 • 

lITS 0.211 RaOB , 
POUR DtULSIOIf !BROUGB TRIPLI SIlO 

(100/150/325 MISS) , 
PLACI IR WATIR BATB AT 400 C , 

PRlSDT TO IlD'RARED IRSTlOHIlIT , 
OBTAI. DIRICT PERCBlT 

rAT AND PBOTIIR BlADIRO l'ROH 
CALIBBA'l'ID IRSTROHaT 
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l'laure 8. POlnron and stackecl ale.,e set asecl tor preparation ot tlab 
_aI810n8. 
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Because the infrared mllk analyser is a secondary method of 

analysis t 1 t requires calibrat.ion against primary standard methods 

(van de Voort 1980). The general protocol for standardizatlon of the 

Multispec for routine operation is presented in Figure 7. To prepare 

appropriate material for calibration purposes, minced fish tissue was 

chemically analysed to determine i ts fat and prot.ein content. Based 

on this information, the total solids content of the calibration 

solutions were adjusted and/or s8IDples mixed t.o obt.ain a range of 

values for fat and proteine The chemical analyses for the calibration 

were carried out on the prepared emulsions rather than the tissue 

because previous work (Mills et al. 1984) indicated that direct tissue 

analyses were not sufficiently representative of the mat.erial 

presented to the instrument. Twelve chemieally pre-analysed samples 

of each species (cod, tuna and mackerel) were used for the calibration 

(Biggs 1979a) which were split, with half the sample being assessed 

instrumentally, while the other half was analysed ehemically. Protein 

determinations were done by micro-Kjeldahl (AOAC 1980) using a 6.25 

conversion factor for ni trogen to protein while the fat content was 

determined by Mojonnier (Mills et al. 1982). The chemical data were 

processed in relation to the uncorrected instrument signaIs for fat 

and protein using multiple regression (Statgraphics 1985) to der ive 

two multicomponent calibration equations, which in turn were used to 

calculate chemical estimates for the solutions analysed by the 

instrument. Comparative data analysis was carried out usini the 

techniques outlined in the Statistical Manual of the AOAC (Youden and 

Steiner 1975). 
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rlaure 7. OutliDe of the operational procedure for atandardl.ation of 
the llul1;1apee litt for .. alyala 

S!AMDBY OONDITONS 

l 
PORGING CBBCK 

l 
UHCORRICTID ZIRO ADJUSTHDT 

l 
STANDARD SOL01IOH CBlCKS 

l 
ZERO CBlCK 

l 
CALIBRATID l'ISB SAHPLB CBBCI 

l 
SAllPLB AHALYSIS 

l 
CLKAHING , 

SBUT D01ftI '10 STAHDBY CONDI'fIONS 

l 
ROUIINI CBlCU AND HAIHTllfAIICl 
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3 • 3 1Io18t.1I1"8 

For moi sture analysis similar fish samples prepared for fat and 

prote in analysis were used. After thawing, the well homogenized 

samples were split, four portions taken for moisture analysis by the 

vacuum oyen method (AOAC 1980) and the remainder used for the Methanol 

extraction procedure and subsequent infrared analysis. To produce 

fish samples which varied significantly from the original moisture 

content, selected samples were placed above saturated salt solutions 

in dessicators which generated specifie relative humidities (van de 

Voort et al. 1988), which gradually adjusted the moi sture content of 

the minced fish to new values. By using this technique, a wide range 

of moisture contents could be generated. To calibrate the infrared 

milk analyser for moisture measurements, calibration standards were 

prepared by adding distilled deionized water to absolute Methanol 

(kept dry over molecular sieve) on a weight/weight basis (NO-10%), 

which in turn were stored in screw capped glass bottles for use as 

needed. The water channel was zeroed against absolute Methanol, the 

standards pumped through the instrument and the resul ting water 

signals recorded. The signaIs produced by the solutions were plotted 

against percent moisture to produce a standard curve. 

For the extraction of moisture usina dry Methanol (Figure 8), a 

series of large (40mL) screw capped centrifuge tubes were prepared. 

To each, approximately one gram of fish was added, followed by -30mL 

of dry Methanol delivered by re-pipette, the test tube capped and 
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rlaure 8. &a.ple preparatlon protocol for the enraction of IIOt.tur. 
trOll flsh s_ples aDd It. subsequent ual,8t. b, Mid-IR 
spectroscop, . 

4011L SCREW CAPPIm 
CDTRIruCD TUBE 

l 
"'1 GlWt 01' rIss 

l 
-30 ORAHS or DRY tIITIWfOL 

BY RI-PIPITTI 

l 
CAP - PLACE 1111'0 SIIAKIIG 

WA1'D BATS lOB 10 MIM. • 600C 

l 
CDTBlroGl 

l'OB 2 HI!I. AT 1, 500 RPH 

l 
POHP SOPIRMATAHT TBROOOB 

IMFRARID INSTRUHEHT 

BACK CALCULA'l'B BASBD OH 
CALIBRATION EQUATION AND 

EXACT WEIOBTS or rISB AND SOLVENT 
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fat placed for 10 minutes in a vi,orously shaklna water bath held at 

60oC. The tubes were th en removed from the water bath, centrlfu,ed 

usin, a clinical centrifuge for 2 minutes at maximum speed ("'1,500 

rpm) to remove any suspended matter and the clear supernatant pumped 

through the infrared milk analyser ("4 pumplngs). To ensure ,ood 

quantification, all operations required the accurate recordinc of the 

weights of fish and methanol. By wri ting a short programm ln APL (A 

Programming Language) which made use of the calibration equation 

derived and the weights of methanol and fish, the moisture content of 

the original sample was readily calculated. 
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CIIAPI'IR 19 

RlSOL1'S AND DISCUSSlOR 

t.l rat and ProteiD 

The sample preparation protocol developed for meat products 

(Mills et al. 1984), modified only in terms of the concentration of 

base (0.2N NaOH vs. O.lN) and an increase in solution temperature 

(85o C vs. 70o C) worked weIl in producing a homo8eneous emulsion for 

the fish investi"ated. Some foamina was encountered; however, thi s 

was minimized by the use of a small amount of an antifoamina agent 

which was not found to interfere with the instrument sianals at the 

levels used. Using multiple regression, the chemieal data from the 

pre-analysed calibration samples were related to the uncorreeted 

instrumental signaIs for fat and protein to derive two calibration 

equations used to calculate the instrumental chemical estimates, in 

terms of percent (weight/weight). 

(1] Fee = 11.7950 Fi + 1. 9370 Pi 

r 2 = 0.994 
SEi = 0.878 
MD = 0.038 
SDD = 0.810 
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[2] Pee = 8.0435 Pi + 0.5193 ri 

r 2 = 0.999 
SEE = 0.614 
MD = -0.026 
SDD = 0.694 

Where Fee = Fat instrumental chemical estimate 
Pce = Protein instrumental chemical estimate 
Fi = Fat instrumental signal 
Pi = Prote in instrumental signal 

r 2 = Correlation coefficient 
SEE = Standard error of the estimate 
MD = Mean difference between chemical data and 

instrumental estimate 
SDD = Standard deviation of the difference between 

chemical and instrumental estimate 

Figures 9 and 10 illustrate the relationship of the chemically 

estimated values (least squares regression line) obtained usina 

equations [1] and [2] in relation to the chemical data for fat and 

prote in respectively. This type of data has traditionally been 

assessed using the method proposed by Youden and Steiner (1975) usina 

MDs and SDns in terms of accuracy (instrumental data in relation to 

chemical data) and reproducibility (in terms of duplicate instrumental 

values). Equations [1] and [2] do not fully meet the standards 

suggested for milk calibrations (Biggs 1979a) which are specified in 

terms of accuracy as having MD<= 0.05% and SDD <= 0.06%. The MDs of 

0.038 and -0.026% for fat and protein indicates that the calibration 

was aood on average and met the milk analysis specifications; 

however, the SDD, or the spread around the difference is tenfold 

higher than milk specifications, indicating a greater variability in 

the individual results. Subsequent instrumental analys!s for fat 'and 

protein of 50 duplicate samples, without reference to chemical data, 
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rlaure 8. Predlcted cbelilcai .att..ates for fat ys. tbe nlpeotl •• 
ch_lcal aaalpsli as detemiaed bF the _lt.lcoapoae.t 
callbratloD equatloa (1). 
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Fee = Il.7950 Fi + 1.9370 Pi 
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l'laure 10. Predlcted cœ.lcal .sti_te. for proteln y.. the 
re.pective cœ.lcal .... 1,.1. a. detenaiDed b, the 
aultlcOliponeDt calibration equatioD [2]. 
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to determine the general reproducibility of instrumental re~ults, 

produced a MD of -0.003% and -0.04%, and a SDD : 0.19% and 0.21% for 

fat and protein respecti vely . On('e again, on avera8e the mean 

differences were close to specifications overall, the SDD was reduced 

by about one third, but were still about one magnitude greater than 

milk specifications. 

Fort y five samples were taken from the same lot of fish, 

emulsions prepared therefrom and subsequently analysed chemically for 

fat and protein (Table 1). By averaging the fat and prote in standard 

deviations, the chemical results varied +/- 0.73 and +/- 0.83% 

respectively and the individual range values were an indication of 

maximum spread encountered in the values from the lot. Instrumental 

data from a second lot of fish samples had an averaged standard 

deviation of +/- 0.42 and +/- 0.52% for fat and prote in respectively 

(Table 2). The data obtained for the two lots are generally 

comparable, however, the SD of the instrumental resul ts was lower 

overall, indicating that the instrumental data was less variable 

relative to the chemical methods. Wi th the exception of the data for 

cod, which are sliihtly higher, the chemical and instrumental results 

were in line with the ranges found in the literature (Sohn et al. 

1961). Thus the instrument may not be a limiting factor, rather 

sample preparation, chemical analysis, the inherent sample variability 

and/or a combination of these variables may limi t the accuracy and 

reproducibility of the infrared method. 
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Table 1. CoIIpuoat1ve datai tor chem.cal re.ult. for fat aDd Prote1D 
,.) obta1necl b, Npeated preparat10D of ... 1.10. froll • 
•• lected lot of fl.11 (D=4&). 

COD HACKEREL 'l'UlfA 
fat Prote1n l'at Prote1D l'at Protein 

It 3.05 16.02 11.87 18.22 12.80 22.30 
SD 0.43 0.86 0.92 0.66 0.88 0.98 
R 0.89 2.23 2.13 1.90 1.63 2.30 

lit = Mean, SD = Standard devlat1on; R = Ruae 

T.ble 2. eo.parat1ve datai for lutZ'UlleDtal resalta for fat aad 
prote in (1) obta1ned b, repeated preparatioD ot .... 1.10D. 
troa a .ecoDd selected lot of fl.h (n=45) 

COD 
Fat Prote1D 

H 3.14 
SD 0.20 
R 0.55 

15.21 
0.43 
1.14 

HACKEREL 
l'at ProteiD 

12.59 
0.64 
2.27 

17.29 
0.55 
2.05 

1 H = Haan; SD = Standard deviatloD i ft = RaDae 
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TORA 
rat Protein 

10.48 
0.42 
1.42 

21.08 
0.57 
1.87 



These limitln. factors are superimposed on the resultant 

instrumental estimates of the cheaical values and as a consequence the 

standard deviation became si.nificant when the fat or protein content 

at the lower end of the scale were assessed. The means ot the 

instrumental chemical estimates were compared to means of samples 

checked chemically immediately after instrumental analysis (Table 3). 

This assessment included all the cumulative sources of variability: 

ch~mical, sample and calibration. On average the prote in data was 

simllar while the fat results were sliihtly low (O.39~), with the SD 

around the differences being in the order of lI. These values can be 

compared to the previous Meat study (Hills et al. 1984), where MD and 

SDD values for fat and protein were 0.21; 0.13~ and -0.10~; 0.45~ 

respectively. Averagin. out aIl the chemical SDs from Table 1 

(NO.72~) and those in Table 3 for accuracy (0.91%) indicated that the 

infrared method could be a reasonable substitute for the chemical 

procedures for quality control purposes, but not for analysis 

requiring a hiah degree of accuracy. 

4.2 Holsture 

The basic principles and development of usina mid-infrared 

transmission spectroscopy to determine moi sture has been discussed in 

a previous publication (van de Voort et al. 1988) and was based on the 

initial near infrared work by Goulden et al. (1967). The basic 

prem1se was to take advantaae of the hiah sensit1vity of the mid

infrared l~rtion of the spectrum to moisture by extractina it into a 
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table 3. CoIIparlaoD of __ lutraeDtal eatiaate. of II1xed flab • ..,1.. to the __ œ.1cal yalue. of the ._ .... 1.. fo~ 
fat aDd p~otelD (D=33). 

FAT 

Ch_Ical HeaD 
IDs~ru.eDtal HeaD 
HJ)l 

SDDI 

10.96 
10.54 
0.41 
0.97 

lH» = Hean Difference 

PRODIH 

Cheaical llean 
Illatru.eDtal lieu 
MD 
SDD 

ISDD = Standard DeviatioD of the DilferaDee 
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20.46 
20.43 
0.03 
0.84 



hyaroscopolc solvent such as methanol which does not Interfere with 

the strona absorption band at 6.02 um. Prev10us work had concentrated 

on low moisture producta such as sk1mmilk powder, bread crumbs and 

flour, which are difficult to analyse, in relation to the vacuum oven 

method, the AOAC near infrared method and the Karl Fischer titration 

procedure (van de Voort et al. 1988). 

A typical calibration curve (Figure 11) derived usina 21 

water/methanol mixtures is descrlbed by the followina equatlon: 

[3] W = 0.1271 + 0.5678 1 

r 2 = 0.999 
SE = 0.131 
MD = -0.002 
SDD = 0.174 

Where: W = Moisture content (%) 
l = Instrument sianal 

Fish salnples including those adjusted in moi sture content usina 

equilibrium relative humidity chambers were extracted with methanol 

for infrared analysis and a1so subjected to molsture analysis by 

vacuum oyen. The methods were first assessed for the1r relative 

reproducibi1ity (Table 4). The MD and SDD for the instrumental method 

for the same sample was quite good (-0.03j +/- 0.49% respectively) 

with the SDD being about half of that obtained for the fat and prote in 

results. When individual samples were prepared and extracted, the SDD 

doubled (1.19%), indicating that Inherent sample variability 

contributed to the overall variability in the results. The vacuum 
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Table 4. Analysi_ for l'eproctuciblli ty of pairs ( .... e 1 ud 2) of 
ch_leal and InetruMntal 1I01stun detenliDatloDs (n=60). 

Analy_la 

Instrwaental1 
Instrwaelltall 

'acuWl OYen' 

Heans 1 

67.66 
67.10 
67.15 

HeaDs2 

61.63 
61.58 
61.07 

l Duplicate readinas of s_ a_pIe 
1 Duplicate readinas of different s .. ples 
• Duplicate vacua. oyen resulta 

42 

HO 

-0.03 
-0.12 
-0.88 

SDD 

0.48 
1.18 
1.52 



oven method had even greater variability, deviatin. substantially from 

the expected MD of zero (by -O.S8X) and havina a hi.her SDD (1.521). 

A similar analysis was carried out comparina the instrumental data 

obtained for moi sture to the vacuum oven method, as a function of the 

type of Fish (Table 5). Overall, the vacuum oven method gave higher 

results, in the order of 1% and it would appear the infrared procedure 

i5 more reproducible and May even be a a better indicator of moi sture 

th an the reference method. A similar conclusion was reached when the 

infrared method was compared to the vacuum oven method for low 

moi sture materials (van de Voort et al. 1988). 

There are a number of limitations to the assessment of the 

infrared protocol developed. It is weIl known that the lipids of each 

fish species differ in their fatty acid composition and that 

significant levels of phospholipids May be present. The response of 

the fat wavelength is a function of the number of ester linkages per 

unit weight of lipid and will vary depending on the average molecular 

weight. Better results can be obtained using a separate calibration 

for each fish species to account for this effect; however, the 

development of multiple calibrations would be an onerous task. The 

substitution of the Mojonnier procedure for the Bligh and Dyer fat 

analysis May have produced a small bias due to the selectivity of the 

lipids extracted by each method; however, preliminary work indicated 

that similar results could be obtained by either method. In the case 

of protein, fish May contain significant levels of non protein 

nitro.en in the form of trimethylamine oxide, taurine, peptides, amino 
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Table 6. eo.par.t1 ve data for .,lsture _1,.s1. b,. the vecu_ oveo 
and lnfrarecl .. t.bods for flsb (0=100). 

ADalysis 

Cod 
Hackerel 
TUDa 

Vacl 

72.92 
66.47 
61.28 

IR 

72.04 
65.12 
60.37 

MD 

0.88 
1.35 
0.92 

SDn 

2.03 
2.12 
2.83 

1 Vac = He. vaCQUil ova; IR = lIean IDfl'arecl; lID = He ... Difference; 
SDD = Standard devlatloll of the dlffenace 
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acida and related purine baaed compounds. The KJeldahl method 

includes these as nitrolen (converted to protein), while the lnfrared 

method does not account for these compounda. Considerlnl the 

limitations indicated Aboye, the inherent variability of the sample 

itself, the effects associated with the preparation procedure and the 

calibration, the results are quite reasonable. Overall, the method 

has a significant advantage in terms of analytical time even though 

some sample preparation i8 required and ten prote in determinations can 

be performed in one hour while a similar number of moisture analyses 

can be done in twenty 

extensive utilization 

the general lack of 

association with milk 

applications. 

minutes. The major drawback to the more 

of mid-infrared technology is to a larle extent 

awareness of the technololY, its sinaular 

analysis and the lack of research into new 
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Infrared analysis of 

analysis data for fat, 

with a single instrument 

CIIAPI'IR , 

OOHCLUSIOH 

fish as a means of obtaining proximate 

protein and moi sture appears to be feasible 

being capable of substituting for three 

common analytical methods with substantial time and labour savin,s. 

The reproducibility of instrumental results were ,enerally better than 

those of the chemical methods, while in terms of accuracy, it appeared 

that the limitation hinged mainly on the variability of the raw 

material and the reproducibility of the chemical methods. Combinin, 

all sources of error, it can be stated that the use of infrared 

transmission analysis is capable of providin, results of similar 

accuracy to the chemical methods, but that individual analyses would 

provide results of +/- 1.0%. The level of accuracy obtainable for fat 

and protein is dependent on deriving a sound calibration curve through 

careful chemical analysis of prepared solutions based on havin, a 

homogeneous and representative sample. In the case of moisture, the 

instrumental results were more consistent than the vacuum oven results 

and this procedure has the advantase of bein, calibrated directIy 

without recourse to a reference method. Althou,h infrared milk 

analysers ar~ not presently beins used for proxlmate analysis of fish, 

Meat or other food systems, this study indicates that its application 

to fish tissue ia potentially feasible for quallty control purpoaea. 
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