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Vitamin Content and Amino Acid Composition of Pickled Garlic
Processed with and without Fermentation
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The effect of processing, with and without fermentation, upon the nutritional composition of pickled
garlic was evaluated. On a dry basis, the fermented product had a higher content of riboflavin,
o-tocopherol, and most individual amino acids but a lower thiamin level than the unfermented product.
Ascorbic acid was totally lost during processing. The chemical scores for the unfermented and
fermented product were 88 and 108%, respectively, with the limiting amino acid being leucine. Water
blanching (90 °C for 4 min) affected only the ascorbic acid content, whereas fermentation significantly
affected the contents of thiamin, ascorbic acid, and a-tocopherol, as well as glutamic acid and arginine.
For each processing type, the effect of the preservation method and storage time on vitamins and
amino acid composition was also analyzed. In the case of the fermented product, usage of the
corresponding fermentation brine plus refrigerated storage was also assayed as the packing/
preservation method and was found to give the best result from a nutritional standpoint.
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vitamins; processing; blanching; preservation; storage

INTRODUCTION be also, with percentage retentions as high or higHgt). (In
contrast, liposoluble vitaming{carotene and-tocopherol) are
hardly affected during processing of vegetables (13).
Although protein content is low in vegetables, a knowledge of
their amino acid composition is important, particularly in the
dietary treatment of patients with disorders of amino acid and
protein metabolism (14).

Generally, packing of processed vegetables is done using an
acidified brine as cover liquor, followed by an appropriate
been reported. Commonly used food composition tales] preservation method (pasteurization and addition qf preserva-
include data only for raw garlic. The composition of pickled tives). When preservatives are added, the product is generally
garlic can be expected to differ from that of raw garlic, because held under refrigeration at .8: (15.)' In the case of fermented .
the different processing steps (blanching and fermentation), asvegeltables, the fer.me.n.tatlon b.““.e? can be used_as packing

solutions, thereby significantly diminishing the pollution levels

well as the preservation/storage method, are known to affect . . ) .
P g ' of the industrial wastewaterd §, 17). This packing procedure

the nutritional composition of vegetable produc®-0). Ir- h i iouslv b tudied in th Py tod oarli
respective of the processing method selected, blanching to as not previously been studied in the case ot fermented gariic.

eliminate the typical garlic pungency is mandato?). (Opti- The objectives of this paper were to study the amino acid

mization of this step has recently been studié@)( However composition and levels of selected vitamins in pickled garlic

the effect of blanching or that of the fermentation step in the Processed with and without fermentation and to know the effect

case of the fermented product on garlic nutrients has not been©f different packing methods and storage time on the mentioned

investigated. Vitamins of the B group (mainly thiamin) as well nutrients.

as vitamin C (ascorbic acid) appear to be the most susceptible

to loss during processing of vegetable products. In fact, thiamin MATERIALS AND METHODS

and ascorbic acid are frequently used as research indicators of

:Ee Sevet”j[y ?f food prlfcet5§lngd (,th]? a;sulrlnpttrllon betlng tthat’,l:f ing pickled garlic were studied: (1) packing directly with an acidified
ese nutrients are well-retained in 100d, all other nutnents Will pine after blanching and (2) packing after the blanching and fermenta-

tion steps (Figure 1). Each preparation was carried out with a separate

* To whom correspondence should be addressed. TelephoBd:95- batch of garlic bulbs. Both batches were of Spanish “purple garlic”
4691054, Fax:+34-95-4691262. E-mail: amontano@cica.es. type, purchased in the same local store. The bulbs were cracked to

Garlic (Allium sativumL.) is used in all parts of the world

as a spice and food. Among the different garlic-based products
on the market, pickled garlic is becoming increasingly accepted
by consumers, particularly in Spain. This could be attributable,
at least partially, to some reported beneficial effects of garlic
on health {). Although different methods for pickling garlic
with and without a fermentation step have been publisi2ed (
3), data on the nutritional composition of this product have not

Preparation of Pickled Garlic. Two different processes for prepar-
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UNFERMENTED PICKLED GARLIC FERMENTED PICKLED GARLIC Table 1. Gradient Profile Used for Separation of Amino Acids as AQC
Garlic Garlic Derivatives
4 {
G’i‘de Gfilde time A B C curve number
Peel Peel (min) (%) (%) (%) (Waters 2690 pump)
v v initial 100 0 0
Wesh Wesh 05 9 1 0 112
Blanch Blanch 18.0 95 5 0 6°
M { 19.0 91 9 0 6
Pack Brine 295 83 17 0 6
PS1 PSI + Cuhuretddilion 330 0 60 40 1
[— _| preservatives f 36.0 100 0 0 11
Control  Pasteurize i Ferment
M Store (6-9°C) A 2 Maintains start condition until next step. ? Linear.
Store Store Pack
®RT) ®RD l | l
[ 7] presifja;ves sz was washed into a 50 mL volumetric flask and made up to the mark
Control Pasteurize l Store (6-9 °C) with Milli-Q water. An aliquot was spiked witbbL-norleucine (Sigma,
{ Store(6-9°C) St Louis, MO) as an internal standard and dried under vacuum on a
?;{"T“;' ?;g; rotary evaporator. The dried mass was washed with Milli-Q water and
_ ) ) ) . evaporated to dryness, and 1 mL of 20 mM HCI was added to the
Figure 1. Flow diagrams for the wo studied methods of pickled garlic residue. The amino acids were subjected to HPLC analysis after
processing. PS1 = packing solution 1 = acidified fresh brine. PS2 = derivatization with 6-aminoquinolyi-hydroxysuccinimidyl carbamate
packing solution 2 = fermenting olive brine. RT = room temperature. (AQC). AQC was purchased as part of an AccQ Fluor Reagent Kit

from Waters. For derivatization, . of sample or amino acid standard
separate the cloves. The defective and smallest ones were discardednixture was combined with 70L of 200 mM borate buffer (Waters
and the rest were peeled. In the first preparation type, the garlic cloves AccQ.Fluor Borate Buffer). The samples were mixed, and:R0of
were blanched in water at 3€ for 4 min and immediately packed. A AccQ.Fluor reagent (AQC dissolved in acetonitrile) was added. After
portion of blanched garlic cloves was packed into “8 Par” glass bottles an immediate mixing, the samples were heated for 10 min 4C5%
(125 g of garlic cloves and 125 mL of cover liquor capacity) using, as degrade a tyrosine byproduct. For analysis, samples ot Svere
cover liquor, a brine acidified with a lactiacetic acid mixture (packing injected into the HPLC system. This consisted of a Waters 2690
solution 1, PS1). Concentrations of acid and NacCl in this brine were Separations Module (Waters Assoc., Milford, MA), a Jasco FP-920
calculated to give equilibrium values of 1.5% acidity (as lactic acid) fluorescence detector (Jasco Corp., Tokyo, Japan) (an excitation
and 3.0% salt. One-half of the packed product was pasteurized for 5.5wavelength at 250 nm, an emission wavelength at 395 nm, and a flow
min in a water bath at 90C (cover brine was added at approximately cell of 5uL), and a computer with Waters Millenium 32 Chromatog-
70°C), and the remainder was left as a nonpasteurized control. Both raphy Manager, version 3.00. The separation of the AQC derivatives
packed products were stored at room temperature. The remainingwas carried out using a 3.2 150 mm AccQ.Tag column (Waters,
portion of blanched garlic cloves was also packed into 8 Par bottles WAT052885), held at 37C and gradient elution. Three eluents were
with the same cover brine, except that it was fortified with 0.27% used. Eluent A consisted of 140 mM sodium acetate with 17 mM
potassium sorbate and 0.24% sodium benzoate and stored undetriethylamine, titrated to pH 5.05 with phosphoric acid. A total of 1
refrigeration (6—9°C). In the second preparation type, garlic cloves mg of disodium EDTA L and 0.01% sodium azide were added.
were blanched in the same way as the first preparation and thenEluents B and C were acetonitrile and Milli-Q water, respectively. The
subjected to lactic acid fermentation. For this, blanched garlic cloves flow rate was 1.0 mL/min. The gradient profile is givenTable 1.
(14.5 kg) were placed in an appropriate fermentation vessel, coveredVariation coefficients of the amino acid determination, including
with brine (10 L of 9% NaCl, w/v) and inoculated (2 h after brining) hydrolysis, were from 3.2 to 6.2%. Because of the partial conversion
with a starter culture ofactobacillus pentosus. The initial population — of asparagine and glutamine into aspartic acid and glutamic acid,
in brine after inoculation was 2.¥ 107 CFU/mL. Fermentation was respectively, during hydrolysis, the data for asparagine plus aspartic
carried out in a room maintained at 3Q for 7 days. Then, the garlic acid and glutamine plus glutamic acid are reported as Asx and Glx,
cloves were divided into three portions. Two portions were packed and respectively.
preserved in the same way as the first preparation type (i.e., packing/  Cyst(e)ine and methionine were analyzed as cysteic acid or me-
preservation methods: untreated control, pasteurized, and preservativehionine sulfone after oxidation of the sample with performic acid and
and refrigeration), while the third portion was packed with its own hydrolysis with 6 M HCI, according to the method described by Moore
fermenting brine (packing solution 2, PS2). This brine was centrifuged (18). Cysteic acid and methionine sulfone were derivatized with AQC
(16000gfor 20 min) before using, to remove particles in suspension. and separated as described above. Method precision for Cys and Met
The packed product was kept refrigerated during storage. was 0.1 and 4.7%, respectively.

Brine Analyses.The pH of brine during the fermentation step was Tryptophan was analyzed after alkaline hydrolysis with 4.2 M NaOH,
measured using a Metrohm 670 Titroprocessor (Herisau, Switzerland). according to the method described by Nielsen and Hurr&d).(
Microbiological analysis comprised aerobic plate count (PC&); Chromatographic conditions were similar to those used by Delhaye
terobacteriaceagVRBD), lactobacilli (MRS £ 0.02% w/v sodium and Landry 20), except that a-Bondapak Gs (10 um, 3.9 x 300
azide), enterococci (Slanetz and Bartley), molds and yeasts (OGYE), mm) column (Waters) maintained at 4G and fluorimetric detection
and sulfite-reducing clostridia (DRCM). Media were from Oxoid Ltd., (excitation at 285 nm and emission at 345 nm) were used. Method
Basingstoke, U.K. (PCA, MRS, Slanetz and Bartley, and OGYE) and precision was 0.8%. All amino acids were estimated in duplicate. The
Merck, Darmstadt, Germany (VRBD and DRCM). chemical score of the limiting amino acid was determined (21) with

Water and Nitrogen Contents of Garlic. Water content was respect to the FAO/WHO/UNU (22) and FAO/WHO (23) recom-
estimated by weighing aliquots of freeze-dried homogenized samples mendations.
before and after freeze drying. Nitrogen contents were determined by  Vitamin Analyses. For the determination of thiamin and riboflavin,
the Kjeldahl method, using a Blchi digestion unit (Blichi Labortechnik freeze-dried samples of garlic{3.0 g) were placed in volumetric flasks
AG, Flawil, Switzerland) and a Kjeldahl distillation unit (Btichi). (100 mL), mixed with 75 mL of 0.1 N HCI, and the flasks were placed

Amino Acid Analysis. For the determination of the amino acids, in a water bath at 98C for 30 min. After cooling to room temperature,
except tryptophan, cyst(e)ine, and methionine, freeze-dried samples of5 mL of 6% taka-diastase (Fluka) in 2.5 M sodium acetate was added,
garlic (150 mg) were subjected to acid hydrolysis with 5 mL of 6 M and the samples were incubated for 3 h at 48 °C. After cooling, the
HCI under nitrogen atmosphere for 24 h at T Each hydrolyzate samples were brought to volume with distilled water and then filtered
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through Whatman no. 41 filter paper. An aliquot of the filtrate was 30
filtered through a 0.4%m membrane filter and then used for the a i;‘::‘blanchin
chromatographic determination of riboflavin. Another aliquot (0.5 mL) 25 | After packing g
of the first filtrate was treated with 0.5 mL of 1% potassium ferricyanide

in 15% aqueous NaOH to form the fluorescent derivative (thiochrome)
from thiamin. After 1 min, 0.2 mL of glacial acetic acid was added,
and the mixture was filtered through a 0.4 membrane filter prior

to HPLC analysis. Separate chromatographic runs were carried out for
the determination of each vitamin, using chromatographic conditions
identical to those of Arella et al. (24), except that-8ondapak Gs

(20 um, 3.9 x 300 mm) column (Waters) and a flow rate of 1.5 mL/
min were used.

Ascorbic acid was extracted and analyzed by HPLC as described 51
by Casado et al. (25). The sample (40 g of garlic cloves) was blended %—
with an equal weight of 6% HP{xontaining 1 mM EDTA. An aliquot 0 : . i
(40 g of portion) was diluted with 3% HPR@ontaining 1 mM EDTA Alpha- Ascorbic  Thiamin Riboflavin
in a volumetric flask (100 mL). After filtration through Whatman no. tocopherol acid
41 filter paper, an aliquot (1.0 mL) of the filtrate was mixed with 0.2
mL of 0.2% dithiothreitol solution (prepared in 0.2 M sodium phosphate 30
buffer at pH 7) and 0.1 mL 45% (w/v) dipotassium hydrogen phosphate b /irf?:rhblanching
with a vortex mixer. After 10 min in darkness at room temperature, 25 | After fermentation
reduction was stopped by addition of 0.2 mL of 2 M phosphoric acid. B After packing
Before injection, samples were clarified by filtration through a 0.45
um filter. Separation was performed on a Luna®18(2) (250x 4.6
mm inside diameter) column (Phenomenex, Torrance, CA) with a Tracer
C18 guard column (Teknokroma, Barcelona, Spain), using deionized
water (adjusted to pH 2.3 with orthophosphoric acid) as the mobile
phase at a flow rate of 1.0 mL/min at ambient temperature. Ascorbic
acid was monitored at 245 nm.

For the analysis ofi-tocopherol, the extraction procedure of Malik =
et al. (26) was used. Briefly, garlic (10 g) was homogenized in 20 mL 5 =
of phosphate-buffered saline (10 mM potassium phosphate and 150 = I
mM sodium chloride at pH 7.4). After addition of 30 mL of 10 mM o | V7 A= 7
lithium dodecyl sulfate and 60 mL of ethanol, the mixture was extracted Alpha- Ascorbic  Thiamn  Riboflavin
twice with portions (each of 120 mL) of heptane (containing 0.05% tocopherol acid
BHT as an antioxidant). The pooled heptane extracts were evaporatedFigure 2. Changes in vitamins during processing in pickled garlic
under reduced pressure at room temperature. The residue was dissolved ) . . .
in 10 mL of hexane, and filtered through a 0 4& membrane filter processed (a).wnhout and.(b).wnh.the fermentation step. Vqlues are the
prior to HPLC analysis. Chromatographic conditions used were the Means of duplicate determinations in fr_esh and blancheq garlic. In packed
same as those described for vegetable @®).(Filtered extract (10 garlic, values are the means of three different preservation methods, each
uL) was injected onto a Spherisorb W silica column (26G1.6 mm analyzed twice during storage, with analyses in duplicate (n = 12). Error
inside diameter, am, Teknokroma), using propan-2-ol in hexane (0.5/ bars represent 1 standard deviation. o-Tocopherol and ascorbic acid
99.5, v/v) as the mobile phase at a flow rate of 1 mL/min. Elution was contents are expressed as mg/kg of dry weight and mg/100 g of dry
monitored by fluorescence (excitation wavelength at 290 nm and weight, respectively. Thiamin and riboflavin contents are expressed as
emission wavelength at 330 nm). ug/10 g of dry weight.

Statistical Analyses.The data were subjected to analysis of variance
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using the STATISTICA software, version 5.88). Duncan’s multiple A 6

range test was used for mean comparisons. Significant differences were 9 |

determined at the < 0.05 level.

RESULTS AND DISCUSSION 2 71 5
Changes in Nutrients during the Main Steps of Processing. Y pH

The mean content af-tocopherol in raw garlic (0.5 mg/100 g Q 51

of wet weight) was slightly lower than some other authors have 3 | 4

reported (26,29) but around 50-fold higher than that of

commonly used food tableg,(5). Contents of ascorbic acid, 3

thiamin, and riboflavin (9.20, 0.08, and 0.01 mg/100 g of wet 1

weight, respectively) were lower than those reported by USDA 1 ‘ — . 3

(31.20, 0.20, and 0.11 mg/100 g of wet weight, respectively),
but the total amino acid contents (4.5 g/100 g of wet weight
versus 4.3 g/100 g of wet weight) or even the amino acid profile . ) )
were quite similar. Discrepancies between the vitamin contents Figure 3. Populations of lactobacilli (M), Enterobacteriaceae (#), and
reported in this study and values published elsewhere may peenterococci (,) gnd gvolunon of pH (), during the fermentation step of

due to differences in variety and growing conditions. Climatic Planched garlic in brine.

and environmental factors such as light, temperature, rainfall,

season, location, altitude, soil fertility, irrigation, and plant ~ The water content of garlic significantlp (< 0.05) increased
protection measures are known to affect the nutritional statusin each step of processing. Thus, the values for this nutrient
of vegetable crops (30). (expressed as g/100 g) were the following: 62.9 (fresh garlic),

o 1 2 3 4 5 6 7 8
Fermentation time (days)
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Figure 4. Changes in individual amino acids during processing in pickled garlic processed (a) without and (b) with the fermentation step. Values are the
means of duplicate determinations in fresh and blanched garlic. In packed garlic, values are the means of three different preservation methods, each
analyzed twice during storage, with analyses in duplicate (n = 12). Error bars represent 1 standard deviation.

64.4 (blanched garlic), and 76.3 (packed garlic) in the processingstep. However, the increase was not statistically significant.
without fermentation; 62.9 (fresh garlic), 65.1 (blanched garlic), Production of this vitamin by microorganisms growing in the
71.9 (fermented garlic), and 82.6 (packed garlic) in the brine during the fermentation step (Figure 3) does not seem
processing with fermentation. The changes in vitamin contents, likely. Moreover, molds and yeasts, microorganisms known to
expressed on a dry basis, during processing of pickled garlic, produce B-group vitamins in vegetable fermentations3@,

both with and without fermentation step, are showrrigure were not detected.

2. Blanching in hot water (90C for 4 min) significantly p < Figure 4 shows changes in individual amino acids (expressed
0.05) affected the ascorbic acid content of garlic. Considering on a dry basis) during processing of each product. Blanching
both types of processing, the mean loss of this vitamin by did not significantly p < 0.05) affect the individual amino acid
blanching was 63%, but the other vitamins studied did not contentin any case. However, during the fermentation step, the
significantly change. After the fermentation step, garlic had a major amino acids in garlic, namely, glutamic acid and arginine,
higher content ofr-tocopherol but lower contents of thiamin  significantly decreased in concentratioRigure 4b). In the

and ascorbic acid (the latter was not detected) compared withpacking step, irrespective of the processing type, most individual
garlic after blanchingKigure 2b). The increase in the content amino acids increased in concentration (calculated on a dry
of a-tocopherol could be due to the percentage increase in thebasis), again with the exceptions of glutamic acid and arginine.
lipid content of garlic, which in turn, would be a result of the The increases in concentration could be a consequence of the
loss of water-soluble components. Mass balances with respectdecrease in water-soluble components by leaching into the
to thiamin contents before and after the fermentation step packing solutions. The changes in arginine and glutamic acid
indicated that most losses were caused by leaching of the thiaminappear to indicate that these compounds existed as free amino
into the fermentation brine, and the same was found in the acids in a significant proportion. As a result of all of these
packing step. Thus, leaching appeared to be the main mechanisnindividual changes, the total amino acid content remained
of thiamin loss during pickled garlic processing. The riboflavin practically unchanged during all of the steps of pickled garlic
content did not significantly change during processing either processing (values not shown).

with or without the fermentation step. A feasible explanation  Effects of Packing/Preservation Method and Storage Time

for this could be that this vitamin, predominantly as two on Nutrients. Separate analyses of variance were carried out
coenzyme forms (FMN and FAD), is usually bound to proteins for unfermented and fermented packed pickled garlic to know
in foods @1), thereby preventing loss by leaching of the the effect of both packing/preservation method (PM) and storage
riboflavin into the different aqueous solutions (blanching water, time (T) on the studied nutrients. In the unfermented product,
fermentation brine, and packing solution). The small increase where microorganisms were not detected. (CFU/mL) in any

in riboflavin content as a result of fermentatioRigure 2b) case (control, C; pasteurized, P; and refrigerated, R samples),
could be attributed to the loss of other components during this significant (p< 0.05) differences because of one or both of the
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Table 2. Effects of Preservation Method and Storage Time on
Vitamins and Amino Acids of Unfermented Pickled Garlic

Montafio et al.

Table 3. Effects of Preservation Method and Storage Time on
Vitamins and Amino Acids of Fermented Pickled Garlic

factor

factor effect?  preservation method (PM)? storage time (T)¢

factor

factor effect?  preservation method (PM)? storage time (T)¢

nutrients PM T C R P 1month 11 months nutrients PM T C R P FB/R 1 month 11 months
vitamins¢? vitamins?
o-tocopherol ns ns 1851 17.01  17.89 17.92 17.68 o-tocopherol ~ * * 253la 18.97b 22.87c 19.89b 23.26a  20.26b
thiamin * ns 182a 148b 166ab  1.67 155 thiamin * ns 0.79a 0.97b 0.85a 1.04b 0.95 0.88
riboflavin ns ns 0.27 0.27 0.28 0.29 0.26 riboflavin * ns 0.39% 045b 0.43ab 0.56c 0.44 0.47
amino acids® amino acids®
aspartic acid ns ns 1.46 131 1.39 1.30 1.47 aspartic acid * ns 1.65a 173a 182a 133b 1.63 1.63
serine ns ns 0.56 0.54 0.57 0.52 0.59 serine * ns 0.70a 0.69a 0.7l1a 051b 0.66 0.64
glutamic acid ~ ns ns 2.27 2.09 2.19 2.10 2.26 glutamicacid ns ns 212 223 233 221 223 2.22
glycine ns ns 0.49 0.48 0.49 0.45 0.52 glycine * ns 062a 0.6la 0.63a 045b 0.59 0.57
histidine ns ns 0.34 0.32 0.33 0.30 0.36 histidine * ns 040a 0.39a 04la 032b 0.38 0.37
arginine ns ns 2.83 2.66 2.66 2.63 2.80 arginine ns ns 239 234 247 267 251 243
threonine ns ns 0.43 0.43 0.44 0.40 0.46 threonine * ns 054a 0.54a 0.57a 040b 053 0.50
alanine ns ns 0.47 0.44 0.46 0.42 0.49 alanine * ns 054a 0.56a 0.58a 042b 0.53 0.52
proline ns ns 0.30 0.30 0.30 0.27 0.33 proline * ns 039 0.39a 040a 0.30b 0.39 0.35
tyrosine ns ns 0.45 0.37 0.42 0.37 0.45 tyrosine * ns 0.56a 047b 0.55a 0.40c 0.49 0.50
valine ns ns 0.72 0.68 0.69 0.64 0.75 valine * ns 0.85a 0.83a 0.89a 0.64b 0.82 0.79
lysine ns ns 0.86 0.82 0.82 0.77 0.89 lysine ns ns 0.90 0.94 098 0.84 093 0.90
isoleucine ns ns 0.49 0.46 0.47 0.43 0.51 isoleucine * ns 0.6la 0.60a 0.63a 0.44b 0.58 0.56
leucine ns ns 0.81 0.77 0.78 0.72 0.85 leucine * ns 1.0la 0.99a 1.05a 0.71b 0.95 0.93
phenylalanine  ns ns 0.49 0.46 0.46 0.44 0.51 phenylalanine ns ns 053 052 055 047 053 0.50
tryptophan ns ns 0.13 0.17 0.14 0.15 0.15 tryptophan * ns 0.16ab 0.180b 0.15a 0.14a 0.15 0.17
cyst(e)ine * * 0280 0.23a  0.34c 0.23a 0.34b cyst(e)ine * * 014a 011b 027c 0.09p 0.22a  0.09b
methionine ns ns 0.22 0.23 0.26 0.25 0.23 methionine * * 013 0.13a 02lc 0.0% 0.22a 0.05b
total amino acid ns ns 1360 1273  13.19 12.41 13.94 total amino acid * ns 14.22a 14.24a 15.21a 12.4b 14.33 13.72

2 Results of analysis of variance when the interaction and the within error terms
were pooled. *, significant differences (p < 0.05); ns, no significant differences.
When significant differences exist, mean values with the same letter indicate that
there are no significant differences between them. ? Values are means of two
samplings, with analyses in duplicate (n = 4); C, garlic packed with acidified brine,
left at room temperature; R, garlic packed with acidified brine, left refrigerated
(69 °C); P, garlic packed with acidified brine and then pasteurized (90 °C, 5.5
min), left at room temperature. ¢ Values are means of the three preservation
methods, with analyses in duplicate (n = 6). ¢mglkg of dry weight. € g/100 g of
dry weight.

mentioned factors were found only for thiamin and the amino
acid cyst(e)ine Table 2). Besides the significant increase in

@ Results of analysis of variance when the interaction and the within error terms
were pooled. *, significant differences (p < 0.05); ns, no significant differences.
When significant differences exist, mean values with the same letter indicate that
there are no significant differences between them. Values are means of two
samplings, with analyses in duplicate (n = 4); C, R, and P as indicated in Table
2; FBIR, garlic packed with its corresponding fermentation brine, left refrigerated
(69 °C). ¢Values are means of the four preservation methods, with analyses in
duplicate (n = 8). Ymglkg of dry weight. €g/100 g of dry weight.

and around 1OCFU/mL after 10 months of storage. Entero-

bacteria, clostridia, and fungi were not detected in any sample.
Comparison between Fermented and Nonfermented Prod-

ucts. Table 4shows, for both garlic products, the composition

cyst(e)ine, most amino acids showed a tendency to increase ingata (mean values) corresponding to three packing systems (C,
concentration during storage time, which could be attributable g ang P), each analyzed twice (after 1 and 11 months of
to the decrease of water-soluble components by leaching imostorage) and in duplicaten(= 12). In comparison with

the packing solutions.

In the fermented product, there was a significant effect of
the packing method on all nutrients, except for glutamic acid,
arginine, lysine, and phenylalanin&aple 3). Garlic packed
with fermentation brine, maintained under refrigeration, (FB/
R) had a lower content of water compared with the other

unfermented pickled garlic, the fermented product had higher
contents of water-tocopherol, riboflavin, aspartic acid, serine,
glycine, histidine, threonine, alanine, proline, tyrosine, valine,
lysine, isoleucine, leucine, phenylalanine, and total amino acids
but lower contents of thiamin and arginine. The remaining amino
acid concentrations, as well as the total nitrogen content, in

fermented packed products (76 versus 82%). As a result, whenfermented versus unfermented pickled garlic were not signifi-
data were expressed on a wet basis, the highest content otantly different at the 0.05 probability level. However, the high
nutrients was found in this product (data not shown). Storage variability in the case of cyst(e)ine and methionine in the

time significantly affected only the contents aftocopherol,
cyst(e)ine, and methionine, which decreasédble 3). The
interaction between PM and T was significapt € 0.05) in

fermented product is noteworthy, reflecting the above-mentioned
differences between pasteurized and unpasteurized samples. The
percent recovery of the amino acids (based on the total amount

the case of both cyst(e)ine and methionine, indicating that all of nitrogen for each amino acid) was 73% for the unfermented
samples did not present the same evolution during storage time garlic product and 76% for the fermented garlic product.
Thus, concentrations of both amino acids decreased drasticallyBecause of the higher water content in the fermented product,
after 11 months of storage in samples C, R, and FB/R, while when data were expressed on a wet basis (edible portion), the
they hardly changed in sample P (data not shown). In contrastdifferences in nutritional composition between the two products
to the case of the unfermented packed product, lactobacilli werewere small and slightly favorable to the unfermented product
detected in the fermented packed product, although only in (data not shown).

samples C and FB/R. After 3 months of storage, the sample C Table 5 shows the essential amino acid pattern of pickled

contained a variable population of lactobacilli, which were not

garlic as compared with that of the reference established by

detected after 10 months. In sample FB/R, lactobacilli were FAO/WHO/UNU (22) and FAO/WHO (23). In both the

present with populations above 1GFU/mL after 3 months

unfermented and fermented products, all of the essential amino
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during processing. Results indicate that the protein of pickled
garlic, particularly that in the fermented product, is a good source
of all essential amino acids. Preservation method and storage
time (up to 11 months) hardly affected the nutritional composi-

Table 4. Comparison of the Nutritional Composition of Pickled Garlic
Processed with and without Fermentation

pickled garlic?

nutrient unfermented  fermented  Fvalue® tion in the case of unfermented pickled garlic. However, in the
water (g/100 g of wet weight) 76304021 8257+0.11  666.08"* fermented pickled garlic, there were considerable losses of the
vitamins (on dry weight) " sulfur-containing amino acids during storage. Packing with the
f‘h};onﬁﬁ]p?nﬁg;:(gg/kg) 11:22 i 833 2(2):23 i 83; %:ggm corresponding fermentation brine plus refrigerated storage gave
giboflavin (mg/kg) 0284001  042+001 5591 good results as an alternative preservation method, with the
amino acids (g/100 g of dry weight) product being nutritionally superior to that using the other
:Zﬁﬁg'c acid égg : ggg (1):;(3) : 88? gg‘z‘é:: packing/preservation methods studied.
glutamic acid 2.18+0.06 2.23+0.05 0.45"
lycine 0.49 £0.02 0.62 £0.09 44.22%+*
ﬁiztidine 0.33+0.01 0.40+0.005  21.22* LITERATURE CITED
f‘g?;gme SE : 8:83 égg : g:g‘l‘ égég:* (1) Mazza, G.Functional Foods. Biochemical and Processing
alanine 045+002 056+001 2605 AspectsTechnomic Publishing Company: Lancaster, PA, 1998.
proline 030+001 039+001 2555 (2) Rejano, L.; Sanchez, A. H.; de Castro, A.; Montafio, A. Chemical
tyrosine 041+002 052+002  14.84* characteristics and storage stability of pickled garlic prepared
valine 0.70+0.03  0.86+0.02  24.50** using different processesl. Food Sci.1997 62, 1120~
lysine 0.83+0.03  094+002  830* 1123,
:Zﬁlfiﬁgme 8;‘;f88§ (1)8; f gg% gggg:: (3) De Castro, A.; Montafio, A.; Sanchez, A. H.; Rejano, L. Lactic
phenylalanine 047+002 053+0007  9.44* ac_id fe_rmentation and storage of blanched gaittit. J. Food
tryptophan 015+0.006 0.17+0.007 361" Microbiol. 1998,39, 205—-215.
cyst(e)ine 028+0.03  0.17+0.06 2.97 (4) USDA, Agricultural Research Service, 2003. USDA Nutrient
methionine 024+0.01  0.16+0.05 2.67™ database for standard reference, release 16. Nutrient data
total amino acid , 1318+£041 1456027 771 laboratory home page (http:/Awww.nal.usda.gov/fnic/foodcomp).
total nitrogen (g/100 g of dry weight) ~ 2.95 + 0.03 3.02+0.03 1.94ns

2Data are means of three different preservation systems, each analyzed twice
during storage time, with analyses in duplicate (n = 12) + standard error of the
mean. ? Fvalue, assessment of overall product differences obtained from analysis
of variance; *** p < 0.001; **, p < 0.01; * p < 0.05; ns, not significant.

Table 5. Comparison of the Essential Amino Acid (EAA) Composition
of Nonfermented and Fermented Pickled Garlic with the Suggested
EAA Pattern of Requirements for Humans

(5) Souci, S. W.; Fachmannn, W.; Kraut, Food Composition and
Nutrition Tables Medpharm GmbH Scientific Publishers: Stut-
tgart, Germany, 2000.

(6) FAO/LATINFOODS. 2002Tabla de Compositiode Alimentos
de Anieica Latina. (http://www.rlc.fao.org/bases/alimento).

(7) Lund, D. Effects of heat processing on nutrientsNutritional
Evaluation of Food Processinglarmas, E., Harris, R. S., Eds.;
Avi: New York, 1988; pp 319—354.

(8) McFeeters, R. F. Effects on fermentation on the nutritional
properties of food. IMNutritional Evaluation of Food Processing
Karmas, E., Harris, R. S., Eds.; Avi: New York, 1988; pp 423

FAO pickled garlic?
EAA pattern? unfermented fermented Fvalue® 446' . . .

(9) Gilbert, S. G. Stability of nutrients during storage of processed
histidine 19 2.4 (1.26) 2.8 (1.47) 11.98™ foods. InNutritional Evaluation of Food Processindcarmas,
flr;r”er?:me gé gi 828 ggg% iggg* E., Harris, R. S., Eds.; Avi: New York, 1988; pp 49%01.
lysine 5:8 6:1 (1:05) 66(1:14) 12:69** (10) Rejano, L.; de Castro, A.; Sanchez, A. H.; Casado, F. J;
isoleucine 28 3.5(1.25) 4.3 (1.54) 13.13* Montafio, A. Thermal kinetics of pungency loss in relation to
leucine 6.6 5.8 (0.88) 7.1(1.08) 11.46% the quality of pickled garlicint. J. Food Sci. TechnoR004,
phenylalanine 6.3¢ 3.5 (1.03)¢ 3.7 (117)¢ 4,88 39, 311—317.
tyrosine 3.0 3.7 775 (11) Selman, J. D. Vitamin retention during blanching of vegetables.
‘Crggfg)’ﬁ]ae“ 11 o (1.00) 12 (1.09) o2 Food Chem1994,49, 137—147.
methionine 25¢ 18 (156)¢ 16 (136 0.00" (12) Hassapidou, M. N.; Balatsouras, G. D.; Manoukas, A. G. Effect
total 33.9 37.7 126 9.10* of processing upon the tocopherol and tocotrienol composition

@Mean content (g/16 g of N, n = 12), corrected to 100% nitrogen recovery.
Essential amino acid score in parentheses. © Requirements for preschool child (2-5
years) (FAO/WHO/UNU, 1985; FAO/WHO, 1990). ¢ F value, assessment of overall
product differences obtained from analysis of variance; **, p < 0.01; *, p < 0.05;
ns, not significant. ¢ Phenylalanine and tyrosine. € Methionine and cysteine.

acids had a high chemical score, implying that essential amino
acids present in pickled garlic have a high biological protein
value. The first limiting amino acid was leucine, with chemical
scores of 88 and 108% for the unfermented and fermented
product, respectively. The fermented pickled garlic was thus
clearly better in protein quality.

In summary, it can be stated that processing did affect the
nutritional composition of pickled garlic, but the results greatly

depended on the basis (wet or dry) used to express data. The

nutrient most affected was ascorbic acid, which was totally lost

of table olives.Food Chem1994,50, 111—-114.
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