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Abstract: The quality of meat products strongly depends @nwhter content. The study presents a Karl Fisalzer
titration (KFT) approach on salami products durihg drying process. Two traditional salami produmenufactured and
commercialized in the West of Romania have beeltyaed. The water content during the drying procssvell as the
kinetics of the KFT water reaction have been evallidy using the volumetric bi-component techniduige total water
content varies from 50-56% at the starting of dgyto 26-27% after nine days of processing. The ni€Bh water
reaction rates corresponding to the “surface” watetecules decreases during drying from 5-6 mMes1-2 mM-8&. The
“strongly-retained” water reaction rate had lowiation in the range of 0.5-1 mM*sConsequently, the KFT method is
an appropriate method for the quality evaluationsofh non-homogenous and mostly hydrophobic foadiymts by
means of water content and behavior during KFTyesnal
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1. Introduction electrical detection of water, drying under infichre
radiation or microwaves, water titration etc.);
- Indirect methods (or secondary methods) that are
Meat play a primordial role in the human nutritidgh. based on the measuring of food properties depenaling
is the main source of proteins. Many meat-basedl fodhe water content (e.g. NMR, microwave spectroscopy
products are manufactured and consumed all over thear infrared spectroscopy etc.).
World, even at low or high processed level by using Among these methods, Karl Fischer titration (KFY) i
various methods, such as boiling and frying. Aimosé- successfully applied for water analysis in various
fifth of the World’s meat is produced in Europe .[1] techniques. The bi-component technique assumes the
Among meat products, many types of salami or sausagpecific reaction of methyl sulfite (resulted franethanol
products are produced [2]. Generally, they contairious or other alcohol and sulfur dioxide in the presen€en
grinded meat muscle or other organs, mixing withgalt, organic base) from the “solvent” (component B) withter
herbs and spices, including other additives [3f Tixture molecules from the food products and iodine frore th
is extruded in tube-like shapes by using naturaymithetic “titrant” (component A) (Figure 1) [14-17]. The wBn is
covering materials [4]. They can be provided as,nasg- potentiometrically monitored and allows determinitige
cooked, cooked, and smoked salami products. Theater content of the food products according to the
“ripening” process, which often includes drying the consumption of the iodine solution having knowartit
presence of starter cultures, is very important fioe The KFT method is rapid and have accuracy and
quality and stability of the final salami producs-7]. precision for the water content measurement. Forthee,
Furthermore, the water content and its diffusiopaddlity it works at moderate conditions and is selectivevéder.
are strongly related to the quality of such prodyigt 9]. On the other hand, the amount of the sample depends
Analysis of the water content of such complex anthe approximate water content being higher for iery
non-homogenous food products is difficult to pemiodue values of this parameter. In the case of salandymts, the
to many disadvantages such as the low stabilitfjoofl water content varies in a wide range and relatisehall
components, which can be degraded at higher tetypesa quantities of samples are sufficient for analysis.
and release volatile compounds, and low soluhititwater In the present study, the variation of the “reaBter
and other hydrophilic solvents if the analysis asssl the content of salami products manufactured in the VWést
use of solvents. However, two groups of methodsuaesl Romania was monitored during the ripening procegs b
for water analysis [10-13]: using Karl Fischer titration bi-component techniqidée
- Direct methods (distillation, quantitative chealic behavior of these food products during the KFT tieac
reactions evolving acetylene and hydrogen, dryinggas also determined by means of the “surface” and
methods, combined methods consist of drying antbtrongly-retained” water kinetics.
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H,C—OH + SO, + N — H,C—0SO0, NH*
Q ° z /

a heterocyclic
organic base

H,C—0SO., + . - -
3 2 QNH * HO + 1, +2©N ZQNH" I” + H,C—0SO0; QNH+

Figure 1. The Karl Fischer water reaction from theomponent technique
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2. Experimental

2.1. Materials

The salami-type food products have been selectéd

from traditional products made in the West of Rom@man

3. Results and Discussion

The KFT water titration process of the salami-type
food products need longer analysis time due tolthe
lubility of the overall sample into the KF metbha
system. Generally, fifteen minutes is sufficientr fo
completing the reaction, but some samples needelong

Two types of salami named “Ardelenesc” (co&X) and
“Banatean” (code SB) have been selected. During the
ripening process performed in an industrial compahg
water contents have been monitored for nine daye T
sampling was made by classical statistical procediier
2, 3, 4, 6, 8, and 9 days. All samples were obthinem
the middle and the quarter distance from the endhef

salami cylinder. The exterior up to 5 mm of th ;
corresponding rolls have been removed and the teelecProPably due to the fact that the sampling wasgperéd

parts were mixed and immediately analyzed. The KF%tartf&ng?m 5 mm O(';the extterioi. Tr:e V\{ater((j:nllltt‘i‘;q{;f;t)a
analysis of salami samples have been performediby éav;/l 2/6 enSSEG%nJr 8a7na0/ean sa atr_nl ?roTuhc teghd
component technique. The component A was an iodi -+ 7o an - L 0.0 Yo, TESpECUVEly. 1ne stamdar
solution (Titrant 2 apura, Merck KGaA, Darmstadt, eviation was higher at the beginning Of. the ripgni
Germany) having a titer of 2.3571+0.0663 mgOHmML™. Process due to the low level of homogeneny. During
The titer was determined by means of Water stand&sd fipening, the water _content rapidly decrease _after
apura (Merck). Component B was a methanolic sautib approximately four to six days and became almosstzmt

. o : to the end of the drying process. The final wate
sulfur dioxide and imidazole as organic base (Smlveup . . )
apura, Merck). All determinations were made in égié. conceptra‘uon was 25.7 + 1.2 % for the Ardelenempg
P ) salami and 27.3 £ 1.4 % for the “Banatean” typeaisal

(Figures 4 and 5).

Salami samples contain many ingredients that bind
water molecules in various ways. Among these,
carbohydrates and proteins play an important rol¢his

A Karl Fischer Titrando 701 (Metrohm, Herissaucontext. On the other hand, sample particles aree o
Switzerland), connected to a Metrohm 10-mL dosintgss soluble in the KFT solvent (methanol). Consedjy,
system and a Ti Stand 703 mixing system (Metrohaveh the reaction of water molecules strongly dependshen
been used. The current was set up to 50 pA and ttype of these molecules and the possibility tousif to the
endpoint voltage to 250 mV. The drift of the KFTopess surface.

time (probably due to the higher content of theidlip
fraction). A logarithmic behavior of the titratiogprocess
(expressed as the variation of the normalized tititna
volume in time) can be observed in the case ofnsala
sample analysis (Figures 2 and 3).

The total water content of the raw salami products
ehad no significant variation up to the first twoydamost

2.2. Karl
products

Fischer water titration of salami

was 15 pL-mif. The extraction time was set to 900 s (it

was presumed that all water is extracted during time,
but the titration can go further if the drift istmeached).

2.3. Statistical analysis

Classical ANOVA statistical analysis of the
multiplicate data obtained for the total water esmtand
water reaction kinetic parameters (mean water i@act
rates corresponding to “surface” and “strongly-retd”

water molecules) have been applied. Furthermore, th

standard errors have been indicated for the graphilots.
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Three pseudolinear variations on the KFT titration
curves were observed (examples for the titratiomakier

at the starting of ripening are presented in Fig@rend 7).
The first range, corresponding to the time interodl
approximately 10-80 s is attributed to the titratiof the
“surface” water molecules (those water moleculed Hre
even present in the methanolic solution, on théasarof
the salami particles, or easier to diffuse to tindage). The
second range is longer, from 80 s to ~240 s, and
corresponds to the reaction of water moleculesdtifitses
lowly from inside of the particles. They are cdlle
trongly-retained” water molecules. The last range
corresponds to the “normal” drift of the KFT system
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Figure 2. Titration volume / sample massr(i') versustime from the KFT analysis of the “Ardelenesc’asal samples (codeSK) (some samples
needs longer time to reach the “normal” drift)
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Figure 3. Titration volume / sample massrti') versustime from the KFT analysis of the “Banatean” sdlaamples (codesSB') (some samples needs
longer time to reach the “normal” drift)
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Figure 4. Variation of the total water content Aftdelenesc” salami samples during ripening
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Figure 5. Variation of the total water content B&hatean” salami samples during ripening
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Figure 6. Evaluation of the “surface” (time intereéd 10-80 s) and “strongly-retained” (time intelhed 80-240 s) KFT water reaction rates for ti8R"
samples (e.g., the first duplicate analysis isgrtel) (the last time interval corresponds to ti@rhal” drift)
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Figure 7. Evaluation of the “surface” (time intereéd 10-80 s) and “strongly-retained” (time intelhed 80-240 s) KFT water reaction rates for tigB"
samples (e.g., the first duplicate analysis isgrtel) (the last time interval corresponds to ti@rhal” drift)
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The water reaction rate can indicate the propomibn Two water reaction rates corresponding to “surface”
such type of molecules, taking into account thevkmdata \71 and “strongly-retained” Wate|§72 can be determined for

for the determination. Thus, the variation of th&TK e gajami type samples. The decreases of the water
volume can be transformed in the variation of thédirie reaction rates corresponding to “surface” watemisre

concentrat!on (consumption) or the.variation of avat oyident for both salami types (Figures 8 and 9)eskh
concentration by knowing the reaction volume (which

_ : , € Values decreases from 4.9-5.9 mMts 1.3 mM-§ in the
varies during the KFT process) and the titer of iddine

; ; case of “Ardelenesc” salami and from 6.5 mM-®©
§o|ut|on. Furthermore, the mean water reaction sratey 3 mMm-s' for “Banatean” salami samples. On the
v (expressed in millimole:t:s' or mM-s'), on the

A ] contrary, water reaction rate corresponding toofsgty-
specified ranges can also be determined from tgeslof retained” water molecules had almost no variatmmbioth

the pseudolinear KFT variations. cases. These values were in the range of 0.5-1 th{des
Figures 8 and 9, dashed lines). These observasioggest
- ACH o a2 that almost all released water during the ripemiracess is

V= _th [mM-s7] “surface” water.
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Figure 8. Variation of the “surface” (continuousd) and “strongly-retained” (dashed line) KFT watsaction rates during ripening of the “Ardelenesc”
salami products
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Figure 9. Variation of the “surface” (continuousd) and “strongly-retained” (dashed line) KFT watsaction rates during ripening of the “Banatean”
salami products
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