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It is widely accepted that testing plays a pivotal role throughout the whole of the vinification
process. Production of the best quality wine and minimisation of process problems, such as
“stuck” fermentation or troublesome infections, ideally involves testing from before harvesting of
the grapes, until bottling of the wine. Traditional methods of wine analysis, such as thin layer
chromatography (TLC), distillation, and titration, can be expensive, time consuming, require
elaborate equipment or specialist expertise, and frequently lack accuracy and/or specificity.
However, enzymatic bio-analysis methods in the form of test kits have been developed from the
1970s onwards and today enable accurate measurement of the vast majority of analytes of
interest to the winemaker (see Table |), using just one piece of apparatus, the spectrophotometer.
Grape juice and wine are ideal samples for this type of analysis, as they are homogenous liquids,
are easy to manipulate, and can generally be analysed without significant preparation. Moreover,
the past 20 years has seen the real price of both spectrophotometers and enzymatic bio-analysis
reagents fall, while the expertise required to perform these tests has also become less demanding
and at the same time more widespread. It is somewhat surprising then that since their
introduction very little improvement has been made to the actual enzymatic bio-analysis reagents
(i.e. the enzymes) themselves, and until recently many of the methods suffered from poor reagent
stability, inconvenient reaction times, or the fact they were simply not developed for wine analysis
in the first place.

Megazyme, the Company
Megazyme International Ireland Limited is a biotechnology company that has specialised in the
development, manufacture, application, supply and support of enzymatic bio-analysis test kits and
related products since 1989, and has always been at the forefront of this technology in the food,
feed, dairy and beverage industries. In 2002,

Megazyme decided to make a significant ¥ 3
contribution to the wine industry by the
development of a range of advanced enzymatic
test kits. This task has now been successfully
completed through the strategic and
comprehensive process of identifying the
limitations of all existing enzymatic bio-analysis
test kits, and then using advanced techniques, such
as molecular biology (Figure 1), to rapidly
overcome them. Novel test kits have also been
developed for analytes of emerging interest to
the oenologist, such as yeast available nitrogen
(YAN), or where previously enzymes were simply
either not available, or were too expensive to e

!-l'i'll

employ, such as for D-mannitol analysis. Megazyme

currently offers 64 advanced test kits, 30 of which

have specific applications in the wine industry

(Table 1), and the range is still growing. Figure 1. Production of recombinant enzymes
These new and advanced products now make via molecular biology.

enzymatic bio-analysis commercially viable for
wineries of practically any size.



‘salAleue auim Aoy JO JuswaINseaw 8y} ul Suy 18} awAzebay Jo sabeluepy | 9|qeL

S[OAJ] PAIBAJ[D

uonIqIYuI UIuue) ON “eaIn ur J[nsar ued gy YPim vonejuowaddns-1oaQ -oreweqred MAVIN-Y BII()
pue eruowwe 1oj sanfea reryuanbos soa1s iy 3593 pides pue o[dwig [Ay3e uagourored 9y Jo 10sInd31d pue N A JO 90In0S
HAd-9-D/oseunjoxay Io ‘aseprxorad/oseprxo suonen)Is urerad 100N0S- 250305
9500nN[3 U0 IR PIseq ‘D[qe[reAe sjewiof o[dwis Jo ao10y) | ur paptwrad A[uo 9s) JOYOI[e JO JUNOWE I} ISLAIOUI 0} PAPPY OYINS-
S1u93eaI A[qRIS (D,ST T8 UAAD) uonoeal prdey uonejuduLId) Sunmp padnpoid proe suip 20NS-M PRV dunIng
QWAZua pajsem ss9 sny) ‘xopmod pasiydoA|
' uey)) Joyel uotsuadsns pasifiqess e se parjddns aseroyderq J1J JO UOLPPE 2IEIPUL S[AAS] YBIH q40S A onqlos-a
(NVA) UdS0nIN 9[qe[IBAY ISBIX JO 22IN0S (NVd) udsoniN
jeurtoy o[duts ‘syuagear o[qes ‘uonoear pider | [QAON oruesio jueyrodur 3sowr Y ST (NVJ) U9S0NIU oure Arewd VdONVd™A ouruy Arewtq
.Jure) [0JIUURW,, 9[qRIISOpUN UE
jeurtoy oduts ‘syuagear o[qe)s ‘uonoear pider Iy [QAON ur 3unynsax ‘asojonj-(J woij swisiuegio a3erods £q paonpoid TONVINY (OUEN-a
(paseq JojowiLo[0d ‘[enuew) OINTVINT-Y '€
KJreaur] Ju9[[20x? ‘uonoear pider (one) IV IVINT- T UOTN)BJUSULIDJ OT)OR[O[BW SULIND PIOR J1}0B[-] JIPIOE SSI] 0) OWTVINT
uonoeas pider (fenuewr) T/ TVINTY ‘1 Pa12Au0d ‘proe adead juepodwr £19 A “103e01pUL AY1eNnb odein dVIVIN'TA PRV OIENT
uonIqIyuI uruue) JudAdld 0} JAJ UreIuod SIy [y TITVINTA
SwiAZud pajseM s53] sny “topmod pastiiydoA] ouIm pajerdinpe ur sennuenb jueoyrusis ur jussard AuQ IVINA-Y PRV IERIN-d
© uey) Joyes uorsuadsns pasijiqels e se parddns HQIN-A : RS R : :
suoneordde UOBIUIULIDJ
oJne pue [enuew JoJ [eap] "SIUAZeAI 9[qels ‘uonoeal pidey onoejofew SuLmp proe drjew- wolj Apueurwopald paonpoid 4LvTA PRV OET T
sjuagealr o[qe)s ‘uonoeal pidey BLI9JOBQ 93e[10ds proe onoe| Aq Apjueurwopald paonpoid ALVA- pRv mde -
uonoeal pider ‘AJifIqess Joradns S19JJ0 JeULIO) 19[qR) [QAON | . [99)-UInow,, J0J Jueltodwll ‘Quim paysIulj Jo J0jedIpur Ajenc) T10¥DD- [01324[D)
HAd-9-D/9seun{oxay 1o ‘aseprxorad/oseprxo Jomf odes3 Jo siedns | JAHNTO-N B~
9500n[3 Uo JoyIIe paseq ‘d[qe[reAe sjeurioj o[dwis jo ao10yD J[qeiuowdy ordourid om) oy Jo auQ “I0jedrpul Afenb adein oNI19-d
sjuogeal 9[qels ‘uonoear pidey souIM Ureldd jo uononpoid ay3 10 Jojedrpul Ayenb adein ALVO-Y | PRV druodn[H-q
sjuogeal 9[qels ‘uonoeal pidey PIO® QUIM JOUTIA] INIO4- POV d1ULIO ]
sjuagear o[qe)s ‘suoneorjdde oine qomn[ adei3 jo sie3ns OINTIOIYA-N 3soonH-(I
pue [enuew JoJ [e3P] ‘uUOnRIqIYuI uruue) Juaaaid 01 JAd sureluo) J1qeiuowidy odiourid oml ay3 Jo uQ "10jedipur Ajfenb adein TONYA- /3sopnig-(q
(uorsuadsns uonejuowa[ddns dyeorpur (A/A)
91qess e se parddns H[V) siuagear a[qeis ‘uonoeal pidey 9% G'L] < SIUNOWY "UOIBIUAULIDJ JI[OYOd[e SULINp paonpoid HOLEN ouend
. méo_aoi% ojne S\m% S NH) uonedyIpIdL H%w uonippe ——_ POV 2L
pue [enuew JI0J [e3P] ‘uonRIqIYuI uruue) Juaaaid 01 JAd sureluo) 9JBOIpUI SJUNOWE 931 ‘Sjunowe [[ews ul juasald AJeIneN
sjuageal o[qe)s ‘uonoeal pidey | JuepIxo-nue ue se pappe 9q ued pue sodeid ur A[[eInjeu Juasald 0DSV- | PPV 21qI03sy-
uonIqIYuI Uruue)} ON "duluIdIe-| pue eain
‘PruowWIE 10] son[eA [Enuonbos $oALS 10 1591 prdex pue adug NV A 0110adsa1 s 2omf adeis ur proe ourwe juetoduwit SO AUV T QUIUISIV-T
suornjeoridde oyne pue [enuew J0j [BIP] "UIW g ~ JWII} UONOBAI
Hﬁomwcm ‘suruue) \wn_ ?WBEE uow _w_ WM\AO.EENQ owkzua _w>o N uda30MIN J[qe[IBAY ISBI & JO 90IN0S dIue3Ioul Ewﬁomﬁh_ﬂwwm AVINV- vluoutury
AJLIeQUI] JUS[[OXD M JI paseq (J]V) oseury (VA) £pioe o[mejoa Suisudwod spioe 9y jo jueurwopard
91e)aoe pider K104 pue ‘9[qe)s ‘mau e sI (oIne) YVIADIV-I '€ oy St s1y L, “sennuenb a3re| ut 1720v 12100q0120Y Se yons SIVIADV-Y
7 pue 1Y 2[qess A1oa aredaid 03 pasn (0Ine) JVIHDV-Y ‘¢ | swsiuedio a3eqrods £q pue sjunowe [[ews Ul Jseak Aq A[[einjeu AVIADV-I PRV 2100V
uorsuadsns §OV 9[qeIs Surejuod (JUAIIe ‘renuet) THIV- ‘1 Paonpol{ "suonenuaduod Y3y je auim syrods nq ‘syjunowre 1ADV-3
uonIqIyuI uruue) JudAdId 0] JAJ UTRIU0D SIN [[V | [[ews ur AJrxo[dwoo pue InoAe[} sppe jey) punodwod AI0Suas y
QWIAZUD pajsem ss9 snip ‘ropmod SuUOIENUIOUO0D Y31 Je duim s[rods . SPAYIP[EINY

postiydoA] e uey) soyjes uorsuadsns pasifiqels e se parddns HO[V

1nq ‘K31x9[dwod pue INoAe[} sppe Jey) punodwod AI10suds Y

‘ON 180 ajhjeuy

s}y 1sa] awAzebayy jo sabejuerpy

aouealIubiIs [eaibojousp




The Megazyme Advantage s T . < -
In general, Megazyme test kits are ideal for i e Ao o , e ‘
wine analysis because they have long shelf ) o

lives (spanning at least two vintages), rapid T—
analysis times (often only a few minutes), e AT AT A
simple formats, and very competitive pricing. :
Furthermore, each test kit is under continual | |[*== |~ - t=ien] g | ] e | | T | e
scrutiny and re-evaluation by our very
experienced R&D team. As all test kits have
been developed by the company, our research

scientists are ideally positioned to offer the
very best and rapid customer support. Figure 2. The MegaCalc™™ raw absorbance data
Recently, with the customer in mind, a range processing aid for YAN determination using the L-arginine /
of calculation aids (MegaCalc™) based on urea / ammonia, and primary amino nitrogen test kits. Blank

. . absorbance values are entered at the top of the page where
Microsoft EXCEL were developed, which indicated. After absorbance values are entered for the

enable hassle-free and rapid processing of ammonia, urea, L-arginine and primary amino nitrogen
raw absorbance data for all manual analysis reaction endpoints, the EXCEL based program automatically
test kits (Figure 2). These calculators are calculates values for these individual analytes in g/L and also a

offered free of charge on the Megazyme total YAN value in mg N/L.

website (www.megazyme.com), and can be
downloaded for added convenience.

What Laboratory Equipment is Required?

In addition to a spectrophotometer or in some cases a colorimeter, very little laboratory
equipment is actually required. A set of pipettes with disposable plastic tips to accurately dispense
volumes between 20 uL and 1000 uL is necessary, along with plastic cuvettes or glass test-tubes
(depending on the absorbance measuring device used), and basic filtering or other simple sample
treatment apparatus may also be necessary.

Advanced Features of Megazyme Test Kits

In addition to the general advantages of Megazyme test kits as detailed above, many products
possess special features resulting from their custom optimisation for wine analysis. These features,
briefly detailed in the last column of Table |, are discussed in detail below:

1. Reagent Stability

(a) Stabilised Enzyme Suspensions: Although the shelf life of many test kits as purchased
appears satisfactory, once used for the first time, certain enzyme components can be very labile.
For example, all acetic acid kits except that supplied by Megazyme (K-ACET), employ a freeze-
dried enzyme component, acetyl-coenzyme A synthetase (ACS). Once reconstituted, this enzyme
can only be used within a very limiting time period, e.g. just 5 days in some cases, after which it
must be discarded. This severe limitation was identified by Megazyme and an ACS identified that
could be stabilised by the optimum and preferred technique of ammonium sulphate precipitation.
Not only has this resulted in the Megazyme kit being more user friendly and flexible, but it also,
and more importantly, gives the kit a much longer shelf life during use of > 2 years. The same
stabilisation technique was also employed in the optimisation of the acetaldehyde (K-ACHYD),
D-malic acid (K-DMAL), and sorbitol (K-SORB) kits.



(b) Reagent Tablets: Some test kits require the use of labile substrates such as ATP. The
glycerol kit is a good example, and the stability of prepared reagent for some competitor kits is
very poor, e.g. just 4 days. Megazyme’s glycerol kit (K-GCROL), however, contains these labile
components in a novel dry tablet form, and thus their stability is no longer an issue, as only
sufficient reagent for the analyses in hand need be prepared. Additionally, in order to ensure
maximum stability of the reagents, the tablets are enclosed within special “desiccant impregnated”
vials. These vials, designed especially for this application, are also used with other reagent tablets,
such as in the ammonia (K-AMIAR), citric acid (K-CITR), L-arginine / urea / ammonia (K-LARGE),
primary amino nitrogen (K-PANOPA), and urea / ammonia (K-URAMR) kits.

(c) Stabilisation System: Acetic acid is a major
quality indicator of wine and is monitored throughout
the winemaking process. However, reagent prepared
for auto-analyser applications using ACS based kits has
very poor stability (as little as one day even when
refrigerated), owing to an increasing absorbance value.
This phenomenon was researched at Megazyme and a
way found to overcome this major limitation (Figure 3),
giving reagent RI prepared from K-ACET or
K-ACETAF a stability of up to 7 days at 4°C.

2. Sample Interference Prevention

(@) Enzyme Selection: Most competitor products
are based on the use of enzymes, many of animal
origin, that were developed in some cases as far back
as the 1960s. Although such enzymes generally
perform satisfactorily, problems can arise when
analysing wine. One example is the use of beef liver
glutamate dehydrogenase in the measurement of
ammonia. This enzyme can be significantly inhibited by
tannins leading to either long or incomplete reactions.
Using the molecular biology approach, Megazyme
rapidly screened many different recombinant (not of
animal origin) enzymes in order to identify one that
does not exhibit tannin inhibition. This approach was
successful, and the result is a very rapid (~ 3 min;
Figure 4), and reliable advanced ammonia test kit
(K-AMIAR).

(b) Inclusion of Polyvinyipyrollidone (PVP):

It is well known that tannins can cause inhibition of
test kit enzymes, and that this can affect the obtained
results. It is also known that PVP can be employed to
prevent/minimise such interference. However, other
test kit manufacturers do not appear to include PVP
in their products, and instead it is left to the customer
to add it into the assay system. Thus for added
convenience and assurance, Megazyme has formulated
optimised quantities of PVP into the relevant wine
test kits, namely the acetic acid
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Figure 3. Stabilised advanced acetic acid kit
reagent. Both basic (open circles) and stabilized
(closed circles) acetic acid kit reagents were
prepared for auto-analyer applications and
incubated at room temperature (~ 22.5°C). At
time points (0 h, 18 h and 41.5 h) the absorbance
of the reagents was determined. Over this time
period, equivalent to ~ 6 days at 4°C, the
absorbance of the stabilized reagent at 340 nm
only increased by 0.018, while that of the
unstable basic reagent had increased by 0.495.
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Figure 4. Analysis of red wine for ammonia
using beef liver and recombinant GIDH. The
same amount of red wine was analysed using a
traditional ammonia test kit employing beef liver
GIDH (closed black triangles) and a rapid
advanced product from Megazyme employing a
recombinant enzyme (closed red circles). The
end of the reaction is indicated when no further
fall in absorbance occurs, i.e. after only ~ 3 min
with the Megazyme kit.




(K-ACET, K-ACETAF, K-ACETAK), L-malic acid (K-LMALR, K-LMALL, K-LMALAF), D-fructose/
D-glucose (K-FRUGL), and citric acid (K-CITR) kits (Table ).

3. Simplified Formats

Most test kit manufacturers offer just one single test kit for each analyte, e.g. for L-malic acid.
However, there are actually many different types of user, each with very different requirements and
available resources. Megazyme thus developed specific test kits with each type of end-user in
mind, leading to simple and easy to use formats that require no adaptation by the customer:

(@) Manual Format Test Kits: This is the most
popular method of analysis for the average

winery possessing a standard spectrophotometer and
a test kit is available for each analyte (Table ).

(b) MegaQuant™ Format Test Kits: Testing by
small wineries and grape growers was until recently
very difficult, as such companies generally do not even
possess a basic spectrophotometer, and thus must rely
either on traditional techniques or central
laboratories for their analytical requirements.
However, in response to this pressing requirement, a Figure 5.The MegaQuant™ Meter and reagents
novel product was recently launched called for L-malic acid analysis.

MegaQuant™, that allows rapid and specific
measurement of both L-malic acid (K-LMALMQ,
G-LMALMQ) and D-glucose plus D-fructose L (2 =097
(K-FRGLMQ, G-FRGLMQ), without the requirement
for an expensive spectrophotometer or other
specialised laboratory apparatus and skills (Figure 5).

. ~
~

0.4

(c) Analyser Format Test Kits: It is common

practice for analysts to purchase standard test kits

and adapt them to a particular auto-analyser.

However, this takes time and the form and quantities ot T B S —

of the individual components is often less than

optimal, leading to significant waste or inconvenience.

Megazyme thus developed optimised “analyser Figure 6. Linear calibration curves for

formats” for existing manual kits that are simple to Megazyme’s stable acetate kinase format acetic

use and result in no wastage of kit reagents. Where acid kit. After incubation of Prepare? reagents for
o . . 40.5 h at room temperature (~ 22.5°C),

existing kits could not be employed, new kits were Megazyme’s advanced acetate kinase format acetic

developed as necessary. Analyser formats are now acid kit gave an essentially identical

available for acetic acid (K-ACETAF, K-ACETAK), linear calibration curve to that obtained at time

ammonia (K-AMIAR), citric acid (K-CITR), D-fructose 0 h (graphs are superimposed).

and D-glucose (K-FRUGL), glycerol (K-GCROL),

L-lactic acid (K-LATE) and L-malic acid (K-LMALAF) analyses, and offer excellent prepared reagent

stability and performance linearity (Figure 6). In addition to test kits, Megazyme also offers a range

of individual kit components for those customers who wish to formulate their own reagents. This

is becoming increasingly popular by the experienced auto-analyst, and rapid assistance is available

from the technical support team at Megazyme for such custom method developments.

Change in absorbance at 340 nm

pg of acetic acid/mL of final reaction solution




4. Novel Method Development

(a) Yeast Available Nitrogen (YAN): Before alcoholic fermentation can begin, the
oenologist must establish the nutritional status of the juice, in order to assess whether
supplementation is required. This very important process includes the estimation of YAN. This is

perhaps the most crucial parameter measured during the vinification process,! as too little YAN
may result in sluggish or stuck fermentation, with potentially disastrous consequences for wine
quality, while unnecessary supplementation with di-ammonium phosphate (DAP), can result in a
reduction in wine stability and the production, in certain cases, of the known carcinogen, ethyl

carbamate.2 YAN is comprised of three principle components, free ammonium ions, primary
amino nitrogen (PAN, from amino acids) and the contribution made by the side-chain of L-arginine.
To enable YAN to be quantified accurately, two test kits were developed; the primary amino
nitrogen kit (K-PANOPA) is a simplified and optimised version of the original Dukes and Butzke
method,3 while the L-arginine / urea / ammonia kit (K-LARGE) is a rapid sequential method based
on the novel glutamate dehydrogenase employed in the ammonia kit (K-AMIAR), that can be
performed in < 16 min (Figure 7).

Ammonia Urea L-Arginine

(b) Acetate Kinase Based Acetic Acid
Kit: In response to calls from the wine v v v
industry, Megazyme developed an advanced and . /S I O O O B
very rapid test kit for acetic acid based on the \
enzyme acetate kinase. As can be appreciated
from Figure 6, this product, that has already
become very popular, offers both excellent
stability and linearity.

Absorbance, 340 nm

0.5

Future Test Kit Development
Megazyme remains committed to working with
the oenologist to develop novel test kit 0
solutions to emerging challenges presented by 00 +0 80 120 16.0
the modern wine industry. ncubation time, min

Figure 7. Performance of a sequential rapid enzymatic

References test kit for L-arginine, urea and ammonia. The sequential
reaction shown demonstrates that L-arginine, urea and
. Martin, O., Brandriss, M. C., Schneider, G. ammonia can be determined using the same cuvette

& Bakalinsky, A.T. (2003). Improved anaerobic (closed circles), with reference to a blank containing no
use of arginine by Saccharomyces cerevisiae sample (open circles). Individual endpoints for ammonia,

. . urea and L-arginine, after the addition of recombinant
App. Env. Microbiol. 69, 1623-1628. GIDH, urease and arginase, respectively, are indicated by

2. Butzke, C. E. & Bisson, L. F. (1997). USFDA arrows. The total analysis time is < |6 min.
Center for Food Safety and Applied Nutrition,
“Ethyl Carbamate Preventative Action Manual”.

3. Dukes, B. & Butzke, C. (1998). Rapid determination of primary amino acids in grape juice using
an o-phthaldialdehyde / N-acetyl-L-cysteine spectrophotometric assay. Am. . Enol.Vitic. 49,
125-134.
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Megazyme Assay Kits, Enzymes and
Reagents for the Wine Industry

Since 1989, Megazyme has developed a world-wide reputation for the purity of the enzymes it
supplies and the quality and innovative nature of the diagnostic kits it develops and supplies.

Megazyme now offers the largest range of enzymatic test kits for food, feed and
beverage analysis, with the following kits, enzymes and reagents being specifically
tailored for the wine industry:

DIAGNOSTIC KITS REAGENTS
Cat. No. Analyte No. of Assays Cat. No. Product Amount
K-ACHYD Acetaldehyde 50 R-ATP20 Adenosine 5-triphosphate 20¢g
K-ACET Acetic Acid 53 R-ATP100 Adenosine 5’-triphosphate 100 g
K-ACETAF Acetic Acid (AF) 550 R-NAD5 B-NAD* S5g
K-ACETAK Acetic Acid (AK) 550 R-NAD?25 B-NAD* 25g
K-AMIA Ammonia 100 R-NADP2 B-NADP* 2g
K-AMIAR Ammonia (Rapid) 96 R-NADPI0 B-NADP* 10g
K-LARGE L-Arginine/Urea/Ammonia (Rapid) 50 R-NADH2 B-NADH 2
E"éISTCf ?‘f“ﬁ: Acid ‘7“2’ RNADHIO  B-NADH 10g
- itric Aci
K-ETOH Ethanol 60 =NCNEAED
K-FRUGL D-Fructose/D-Glucose 1o E-ACKEC Acetate kinase 100,000 U
K-FRGLMQ D-Fructose/D-Glucose E-ACSBS Acetyl-CoA synthetase 250 U
(MegaQuant™ Format) 60 E-GPDH5 Glucose-6-P dehydrogenase 5,000 U
K-GATE D-Gluconic Acid 60 E-GPDH25 Glucose-6-P dehydrogenase 25,000 U
K-GLUC D-Glucose (GOPOD) 600 E-GLDHEC Glutamate dehydrogenase
K-GLUHK D-Glucose (HK Format) 110 or 220 (ot inhibited by tannins) 10,000 U
K-GCROL Glycerol 70 E-GOTEC Glutamate-oxaloacetate transaminasszoo y
K-ISOC D-lsocitric Acid 100 E-HEXI0 Hexokinase 10,000 U
K-DLATE D-/L-Lactic Acid 100 E-HEX50 Hexokinase 50,000 U
K-DATE D-Lactic Acid 30 E-HKGDH Glucose-6-P dehydrogenase (210 U/mL)
K-LATE L-Lactic Acid >0 + Hexokinase (420 U/mL) 10 mL
K-DMAL D-Malic Acid 100 E-DLDHLM D-Lactate dehydrogenase 15,000 U
K-LMAL L-Malic Acid 58or 116 E-LMDHEC L-Malate dehydrogenase 50,000 U
K-MALAF L-Malic Acid (AF) 1,380 E-PGIEC Phosphoglucose isomerase 10,000 U
K-LMALMQ L-Malic Acid E-PGIECB Phosphoglucose isomerase 50,000 U
(MegaQuant™ Format) 60
K-MANOL D-Mannitol/L-Arabitol 60 GENERAL
K-PANOPA Primary Amino Nitrogen 100
K-SORB D-Sorbitol/Xylitol 58 G-LMALMQ MegaQuant™ Meter
K-SUCC Succinic Acid (Rapid) 20 + L-Malic Acid reagents (60 tests)
K-SUFRG Sucrose/D-Fructose/D-Glucose 100 G-FRGLMQ MegaQuant™ Meter
K-SUCGL Sucrose/D-Glucose 250 * D-Glucose/D-Fructose reagents(60 tests)
K-TSTA Total Starch 100 GC-GLY200  Glycylgolcine buffer 200
K-URAMR Urea/Ammonia (Rapid) 100

© Megazyme International Ireland Limited 2005
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Megazyme International Ireland Ltd.,
Bray Business Park, Bray,
Co. Wicklow,
IRELAND
Telephone: (353.1) 286 1220
Facsimile: (353.1) 286 1264
Internet: www.megazyme.com
E-Mail: info@megazyme.com




