AvaAuon TTPWTEIVWYV

1. Nutrition labeling

2. Pricing: The cost of certain commodities is
based on the protein content as measured by
nitrogen content (e.g., cereal grains; milk for
making certain dairy products, e.g., cheese).

3. Functional property investigation: Proteins
in various types of food have unique food
functional properties: for example, gliadin
and glutenins in wheat flour for breadmak-
ing, casein in milk for coagulation into cheese
products, and egg albumen for foaming (see
Chap. 15).

4. Biological activity determination: Some pro-
teins, including enzymes or enzyme inhibitors,
are relevant to food science and nutrition: for
instance, the proteolytic enzymes in the tender-
ization of meats, pectinases in the ripening of
fruits, and trypsin inhibitors in legume seeds
are proteins. To compare between samples,
enzymes activity often is expressed in terms
of specific activity, meaning units of enzyme
activity per mg of protein.

Protein analysis is required when you want to know:

1. Total protein content

2. Content of a particular protein in a mixture

3. Protein content during isolation and purifica-
tion of a protein

Nonprotein nitrogen

Amino acid composition (see Chap. 15)
Nutritive value of a protein (see Chap. 15)
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PaouATOPETPIKOG TTPOCOIOPIOUOG CUVOAIKNAG
TTPWTEIVNC

AvTidpaon dioupiac (Biuret)
MEBodoC Lowry
MEBodo¢ BCA

EtAoyn TTPOTUTTING TTPWTEIVNC
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Figure B1.1.5 The schematic of the Biuret reaction.
*540 nm
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\ Biuret Test for Protein

Biuret Reagent

Sample

—

Biuret Test- Negative
(Blue Color)

Advantages:

1.

R

Biuret Test- Positive 3.

(Purple Colour)

Less expensive than the Kjeldahl method; rapid
(can be completed in less than 30 min); simplest
method for analysis of proteins.

Color deviations are encountered less
frequently than with Lowry, ultraviolet
(UV) absorption, or turbidimetric methods
(described below).

Very few substances other than proteins in
foods interfere with the biuret reaction.

Does not detect nitrogen from nonpeptide or
nonprotein sources.

L Disadvantages:

1.

Not very sensitive as compared to the Lowry
method; requires at least 24 mg protein for
assay.

Absorbance could be contributed from bile pig-
ments if present.

High concentration of ammonium salts inter-
fere with the reaction.

Color varies with different proteins; gelatin
gives a pinkish-purple color.

Opalescence could occur in the final solution if
high levels of lipid or carbohydrate are present.
Not an absolute method: color must be stan-
dardized against known protein (e.g., BSA) or
against the Kjeldahl nitrogen method.
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Figure B1.1.1  The reaction schematic for the Lowry Protein Assay.
Advantages: Disadvantages:

1.

Ll

Very sensitive

(a) 50-100 times more sensitive than biuret
method

(b) 10-20 times more sensitive than 280-nm UV
absorption method (described below)

(c) Similar sensitivity as Nesslerization; how-
ever, more convenient than Nesslerization

Less affected by turbidity of the sample.

More specific than most other methods.

Relatively simple; can be done in 1-1.5h.

For the following reasons, the Lowry procedure
requires careful standardization for particular applica-

tions:

1.

2.

3.

Color varies with different proteins to a greater
extent than the biuret method.

Color is not strictly proportional to protein con-
centration.

The reaction is interfered with to varying
degrees by sucrose, lipids, phosphate bufters,
monosaccharides, and hexoamines.

High concentrations of reducing sugars, ammo-
nium sulfate, and sulfhydryl compounds inter-
fere with the reaction.
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*BSA, bovine serum albumin
*BGG, bovine gamma globulin
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[1p00dI0PICUOC TUVOAIKNG TTPWTEIVNC HECW
METPNONC OUVOAIKOU alwTou

« Kjeldahl

* Dumas

« Mé€Bodoc¢ kauong

Y1o0eon : O1 TpwTelveg TrepiExouv 16% alwro.
« 2uvteAeotnc 100/16=6.25

 Mn pwrTeiviko alwTo ?



Table B1.2.1 Conversion Factors from Percent Nitrogen to
Percent Total Protein for Various Commodities and Their Products

Products Conversion factors
Animal 6.25
Cottonseeds 5.30
Peanuts 5.46
Soybeans 5.71
Sunflower seeds 5.30
Safflower seeds 5.30
Coconut meat 5.30
Sesame seeds 5.30
Corn 6.25
Millet 5.83
Rice 5.95

Wheat 5.83




MEBodoc¢ Kjeldahl

To o¢iypa diaAueTal ye H,SO, kal karaAutn CuSO,/TIO, ,
10 N petaTpémeTal o€ NH;, n otroia arroaTadeTal Kal
TITAOQOTEITAL.

. Sulturicacid
Protein —ufuricacid (NH«_})zS(lL

Heat, catalyst

(NH4)28C)4 + 2NaOH — 2NH3; + Na»S504 + 2H»O

2]
NH; + H3BO; (boricacid) — NH, + H,BO; ™~ [3]
(borateion)

H,BO3;~ + H™ — H3BO; [4]



tube.com/watch?v=TWaPfYgAt4c
Kjeldahl Analysis for Nictlrogen and Protein ClGerhardt
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Kjeldahl-Analyis
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Step 1 Step 2 Step 3
Sample preparation Sample digestion Sample distillation
nd weighing

)  1:16/7:18 « Introduction >
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MEBodo¢ Dumas kal KaUuoewg

To dgiypa kaiyetal TANpws ae CO, Kal vePO, TA OTToIA
KATAKPATOUVTAI, EVW O OYKOG Tou N, TTou TTapayeTal
LWETPEITAI JE KATAAANAN CUOKEUN.

Samples (approximately 100-500 mg) are weighed into

a tin capsule and introduced to a combustion reac-

tor in automated equipment. The nitrogen released is
measured by a built-in gas cl’lrol’natograph Figure 0-1

Samples Combustion Reduction GC Detection

31> A —| B A

m General components of a Dumas nitrogen ana-
: lyzer. A, the incinerator; B, copper reduction
figure unit for converting nitrogen oxides to nitrogen;
and GC, gas chromatography column.




1,000 o¢ ‘ Nz : +CU
+ —>® NO, NOy = N,

Step 1: Step 2:

Combustion of the sample and addition Reduction of nitrogen oxides [NO,

of oxygen (0] at approx. 1,000 °C to elemental nitrogen (N2)
through copper (CU)

@
.0 R

Step 3 and 4:
Separation of water (H,0] and
carbon dioxide (CO,)

F3

4 Tco #

Step 5:

Determination of the nitrogen content
with the help of a thermal conductivity
detector and calculation by software.

Data PC.
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UV PaouaTONETPIKOC TTPOCDIOPIOPOC TTPWTEIVWIIV

1. ATtoppopnon ota 280 nm (rputrrogavn, Tupoaivn, kuaTivn)
*Nopuoc Tou Beer
«20-3000 pg/mL

concentration (mg/ml )=

Advantages:

1.

Rapid and relatively sensitive; At 280nm,
100 pg or more protein is required; several times
more sensitive than the biuret method.

. No interference from ammonium sulfate and

other buffer salts.

Nondestructive; samples can be used for other
analyses after protein determination; used very
widely in postcolumn detection of proteins.

A]HD

gy * b

Disadvantages:
1.

Nucleic acids also absorb at 280nm. The
absorption 280 nm /260 nm ratios for pure pro-
tein and nucleic acids are 1.75 and 0.5, respec-
tively. One can correct the absorption of nucleic
acids at 280nm if the ratio of the absorp-
tion of 280 nm /260 nm is known. Nucleic acids
also can be corrected using a method based
on the absorption difference between 235 and
280 nm (37).

. Aromatic amino acid contents in the proteins

from various food sources differ considerably.
The solution must be clear and colorless. Tur-
bidity due to particulates in the solution will
increase absorbance falsely.

A relatively pure system is required to use this
method.



UV PaouaTONETPIKOC TTPOCDIOPIOPOC TTPWTEIVWIIV

2. ATroppopnon ata 205 nm (TTETTTIOIKOG OEONOG)
*1-100 pg/mL

Table B1.2.3 Fluorescence Properties of Aromatic Amino Acids®

, L Excitation Emission Quantum
3. CDGOpIG}JOQ Amino acid wavelength wavelength yield
*5-50 Hg/m L Phenylalanine 260 nm 283 nm 0.04
Tryptophan 285 nm 360 nm 0.20
Tyrosine 275 nm 310 nm 0.21

“Values are for aqueous solutions at pH 7 and 25°C (Hawkins and Honigs, 1987; Fasman,
1989).



METpnon BaBuou udpoAuaonc, DH, TTpwTEIVWY
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Figure B2.2.1  Reaction of ninhydrin with an amino acid, producing the purple-blue product.
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Fluorescamine reaction.




HAEKTPOPOPNON TTPWTEIVWV

*[TapakoAouBnan aAAaywyv OTIC TIPWTEIVEG KATA TNV ETTECEPYATIA TPOQIUWV.
*OI TTPWTEIVES dlaxwpidovTal JE BAcn To NEYEBOG Kal TO POPTIO TOUG,
UTTO TNV €TTIOPACT £CWTEPIKOU NAEKTPIKOU TTEDIOU.
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Figure B3.1.1 A 15% SDS-polyacrylamide gel stained with Coomassie brilliant blue. Protein
samples were assayed for the purification of a proteinase, cathepsin L, from fish muscle according
to the method of Seymour et al. (1994). Lane 1, purified cathepsin L after butyl-Sepharose
chromatography. Lane 2, cathepsin L complex with a cystatin-like proteinase inhibitor after butyl-
Sepharose chromatography. Lane 3, sarcoplasmic fish muscle extract after heat treatment and
ammonium sulfate precipitation. Lane 4, sarcoplasmic fish muscle extract. Lanes M, low-molecu-
lar-weight standards: aprotinin (M, 6,500), a-lactalbumin (M, 14,200), trypsin inhibitor (M, 20,000),
trypsinogen (M, 24,000), carbonic anhydrase (M, 29,000), gyiceraldehyde-3-phosphate dehydro-
genase (M, 36,000), ovalbumin (M, 45,000), and albumin (M, 66,000) in order shown from bottom
of gel. Lane 1 contains 4 ug protein; lanes 2 to 4 each contain -7 ug protein.



[1poCdIoPIOPOC aAAaYWY TN JIAPOPPWON TTPWTEIVWV
ue eBopIouo

*O @BOPICPOC TWV AMIVOZEWY TPUTTTOPAVN KAl TUPOCivn eTTNPEAlETAl ATTO TN
dlapopewaon TG Tpwreivng (folding).
* MeAéTN peTouaiwong TTpwTEiVWV (B€puavan, pH, GAaTa KATT.)

Fluorescence
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Wavelength {nm)

Figure B3.6.9 Quenching of fluorescence of tumor necrosis factor (TNF) on denaturation. Fluo-
rescence emission spectra are shown for native TNF (solid line), guanidine-unfolded TNF (dotted
line), and acid-denatured TNF (dashed line). Parameters: TNF concentration, 30 pg/ml; i, = 280
nm; bandwidths ranging from 16 to 24 nm. Measuremenis made using Perkin-Elmer MPF3
spectroflucrimeter. Reprinted from Hlodan and Pain {1994) with permission of Elsevier Science.
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MeETpnon evCUUIKNG EVEQPYOTNTAC

[MoAuyaAakTovoupaaon
* MéTpnon avaywyikng IKavoTnTag
*‘Métpnon 1Ewdoug

polygalacturonic acid

COOH COOH COOH
O H H
OH H OH H
0
H
H OH H OH

Figure C1.2.1 Reaction catalyzed by polygalacturonase.




EvepyoTtnTa evfupou oav auvapTnaon TG
OUYKEVTPWONG
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Figure C1.2.3 Reaction progress curves for the production of new reducing ends (measured as
galacturonic acid equivalents) at different enzyme loads.



