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Total Antioxidant Capacity Assessments in vitro
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Abstract

Plant extracts mainly consist of phenolic compounds such as flavonoids, phenolic acids, and anthocyanins,
which consist of the activity of antioxidation. Currently, the measurement of the antioxidant capacity of food plant
products is a matter of growing interest. Total antioxidant capacity (TAC) assessments of plant extracts in vitro
are basically classified into two mechanisms including (1) assessment based on electron transfer (ET) to the
various free radicals, measuring the capacity of an antioxidant in the reduction of an antioxidant, which changes
color solution when reduced. ET assays include the FRAP, DPPH, and TEAC methods, and (2) assessment
based on hydrogen atom transfer (HAT) to the free radical, as a popular method used to evaluate the ability of
antioxidants in the blood or plasma in the removal of free radicals by hydrogen atoms, such as ORAC. Normally,
TAC of plant compounds mostly occurred to both ET and HAT mechanisms simultaneously. Therefore, this

article aimed to compare various TAC assessments in vitro.
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Figure 1 Reaction of the AAPH radical in the presence
of the antioxidant compound during the ORAC
assay (Zulueta Wazame™)

2. 77 Trolox equivalent antioxidant capacity (TEAC)
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Figure 2 Reaction of the ABTS radical in the presence
of the antioxidant compound during the TEAC
assay (Zulueta URzATUE20)
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4. 33 1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging
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Figure 3 Reaction of the DPPH radical in the presence
of the antioxidant compound during the DPPH
radical scavenging assay. (Halliwell L&z
Gutteridge22)
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Table 1 Advantages and disadvantages of the ORAC, ABTS, FRAP and DPPH methods "™

Methods

Mechanism Advantages

Disadvantages

Oxygen radical
antioxidant capacity
(ORAC)

Trolox equivalent
antioxidant capacity
(TEAC) /2,2-azinobis
(3-ethylbenzthiazoline-
6-sul-

fonicacid) (ABTS)

Ferric reducing
antioxidant power
(FRAP)

1,1-Diphenyl-2-
picrylhydrazyl (DPPH)

radical scavenging

HAT -Uses biologically relevant free
radicals

- Standardized: allows for data
comparison across laboratories
- Integrates both degree and
time of antioxidant reaction
SET -Inexpensive and easy to use
-Stable to pH

- Fast reaction

SET - Inexpensive and easy to use

- Fast reaction

SET: - Inexpensive and easy to use

- Fast reaction

- Normally requires use of
expensive equipment

- Data variability can be large
across equipment

- pH sensitive

-Requires long time to quantify
results

- Extra step to generate

free radical from ABTS salt
necessary

-Generated free radical not
stable for long periods of time
- Not standardized, hence
hard to compare values

across laboratories

-Can not be measured
hydrogen atom transfer (HAT)
of antioxidant

-Analysis of the mechanism
is not related to the biological
body (blood or plasma FRAP
values to less than reality)
-Reducing agents can
scavenged DPPH radicals to

decrease absorbance value

HAT: Hydrogen atom transfer
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Table 2 Major phenolic compounds and total antioxidant capacity of some selected fruits and vegetables

Fruits Major phenolic Total antioxidant capacity assay
Negetables compounds ORAC '##2 TEAC A2 FRAP' % DPPH "%
(umolTE/100g Fw) (umolTE/100g Fw) (umolFe®’/100g Fw) (umolTE/100g Fw)

Strawberry  Pelargonidin-3- 2437195 2591168 3352+38 3100
glucoside 3577 1134 2800
Cinnamonyl
glucose

Orange Hesperidin 1904+259 849425 11816 600
Narirutin 1814 874 2050
Neohesperidin

Banana Quercetin- 331459 18139 164+32 1100
3-glucoside/ 879 64 228
conjugates

Apple 5-Caffeoylquinic 560118 343213 39418 1400
acid 2936 159 384
Rutin
Quercetin-
3-glucoside/
conjugates

Spinach Flavonol 1655+115 757154 1009+35 500
conjugates 2640 849 2694
Hydroxycinnamate
conjugates

Broceoli Hydroxycinnamate 133562 648125 83316 600
conjugates 1590 304 1167
Flavonol
conjugates

Onion Quercetin 988+30 532129 369+13 200
conjugates 1029 182 528

Tomato -Chalconarigenin 420£39 255+14 34447 200
-5-Caffeoylquinic 460 165 512
acid 160+60

Lettuce -Quercetin 319437 171212 12447 150
conjugates 1550 133 494

-5-Caffeoylquinic

acid

Note: For the ORAC antioxidant capacities, the first values correspond to ORAC

and second to ORAC_ .
E FL

The ORAC test using fluorescein (FL) probe has been reported in the literature to yield much higher values than

the classical assay using B-phycoerythrin probe. The fruits and vegetable assayed were collected from different

food markets, as indicated in the text.
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Table 3 Spearmans-Rho coefficients for the correlation between antioxidant capacities measured by TEAC,

DPPH, ORAC and FRAP assays of 50 US foods™

TEAC DPPH ORAC FRAP®
TEAC 1 0.249 0.593 0.917
DPPH 0.949 1 0.539 -
ORAC 0.539 0.539 1 -
FRAP® 0.917 - - 1

Values were obtained from USDA ORAC database'®

® Pellegrini and others®’

** Correlation is significant at (p<0.001)
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