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ABSTRACT

Green beans pods variety Bronco were stored at 7°C with relative humidity 95% -
97% on two packages of poiyethylene bags (proved with antilog agents) and
perforated poly polypropylene from zero time to 14 days. After post harvest treatment
, green beans pods were cut crosswise into length of 2cm |, which were given short
heat treatment and afterward stored in polyethylene bags for a period of 6 months at -
18 °C. Storage time and type of package before processing had an effect on the
texture, color, chlorophyll a and b, ascorbic acid and carotenoids of frozen green
beans. The texture of frozen samples was highly correlated with water loss of the raw
green beans. Significant correlations were found between yellowness, instrumental
color measurements and chloroprylls in the frozen samples. Ascorbic acid content of
green beans during storage at-18 ~C decreased by 12% during 3 months of storage. A
correlation existed between the rate of decrease and the storage time of raw green
beans before frozen storage and type of packaging material. Carotencids content of
green beans was stable during stored at 7°C, and remained stable during subsequent
frozen storage.
Finally , if could be concluded that the content of chemical compounds decreased
when green beans were stored for 14 days at 7°C or after processing for freezing as
well as, the loss in sensory qualities was the maijor factor of deterioration.

INTRODUCTION

Green heans, known also as snap beans ( Phascolus vulgaris L.), is the
second Egyptian vegetable crop grown for local consumption and export
{Anon, 2005)., Resurrection et al. (1987} considered the main criteria for
determining the shelf life of vegetables to be the degradation of vitamin C and
the loss of palatability including sensory characteristics such as color, flavor
and textural parameters. Deterioration of quality attributes occurs commonly
during post harvest handling of the fresh product. Weight loss is cumulative
and generally linear with time during storage. The increase in limpness and
shriveling and subsequently the loss of crispness followed by weight loss of
green beans (Jimenez ef al, 1998). Green beans are harvested at an
immature developmental stage, having a high respiration rate and a short
storage life, only 7-10 days at 5-8 °C (Cantwell and Kasmire, 2002). The
freezing process has made possible the preservation of seasonally available
fruits and vegetabies for later use in a convenient, high- quality form.
Freezing is the most satisfactory method of preserving foods, which color
texture and nutritive value which usually retained compared with other
methods of food preservation. However frozen vegetables must first be
blanched to inactivate the associated enzymes otherwise minor chemical
constituents especially those related to flavor will be lost durirmg storage
{Splittstoesser , 1979}, '
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The aim of this study was to assess the effects of storage conditions of
raw green beans before processing on the nutritional and sensory qualities of
green beans immediately after processing and during subsequently frozen
storage.

MATERIALS AND METHODS

Materials and storage conditions .
Experiment 1:

The green beans ( Phascolus vuigaris L.), pods C.V. Bronco were
obtained from a local farm at Giza during 2006 season. The beans were
brought to the laboratory within few hours from harvesting and stored at 7°C
overnight with relative humidity (95-97%). in the next day, the green beans
were packed in two different packages of perforated polypropylene and
polyethylene bags (Egyptian film, prepared with antifog agents) and sealed..
The unpackaged beans were placed in an open tray. The samples were kept
at 7°C in a refrigerator with reiative humidity of 95 - 97% . Same properties
were evaluated at the beginning and after 7, 14 days of storage. These
properties were weight before and after storage , the weight loss ( calculated
as % ) and color.

Experiment 2:

After the post harvest treatment, the raw green beans were washed,
chopped and cut crosswise into length of 2.6 cm., then blanched in  hot
water at 85 °C for 2 min. The blanched samples were packaged in
polyethylene bags (proved with antifog agents) of approximatelg 250 g
capacity. These samples were frozen and kept in a freezer at - 18°C . The
frozen samples were analyzed at intervals for 6 months which were left to
thaw in their individual bags for 14 hrs. in a refrigerator at 7 °c. Sensory
evaluation was carried out as well as, surface color {Hue angel).Total
chiorophyll and ascorbic acid contents were also determined.

Analytical Methods:

Dry matter, weight loss, crude fibers and ascorbic acid contents were
determined according to the methods described by the AOGAC (2000). Dietary
fibers fractions, neutral detergent fibers {NDF), acid detergent fiber (ADF),
lignin, hemicelluloses and cellulose, were determined according to the
methods described by Goering and Vansoest (1970). Chioraphylis A, B and
carotenoids were determined according to the methods described by
Wettestein (1957), using the following eguations:

Chlorophylls A= (9.784 x E662)- (0.99 x E 644) mg/ 1000g.
Chlorophylis B = {21.426%E644) — (4.65 x E 6621) mg/1000g.
Carotenoids = (4.695xE440) — (0.268) x (GL. A-B) mg/ 1000g.

The surface color of the raw and frozen green beans were measured
using the Hunter lab color Difference Meter (Hunter lab modei D P — 9000).
Color was expressed as hue angle (tan =" a/b) in which hue angle is related to
greenness yellowness of the green beans.
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Sensory evaluation:

A sensory panel test was conducted on fresh and storage samples at
zero time and after 7 , 14 days of storage at 7 °C . The visual evaluation was
for off-odor, ﬁrmness and turgidity. Visual quaiity was scored from 9 to 1
scale where 9= excellent, 7= good, 5 = fair, 3 = poor, 1= un usable according
to the method described by Jimenez et al., (1998). Firmness and turgidity
were evaluated on a scale from 5 to 1, where 5= firm and turgid , 4= firm, 3=
Moderately firm, 2= limp and shrivel, 1=More (Jimenez et al. ,1998). Off-odor
was evaluated on a scale from 5 to 1, where 5= severe , 4 = Moderately
sever, 3= Modarate, 2= slight, 1 = None { Kasmire ef al., 1974).

Also, five sensory characteristics namely, color, fibrous senses, flavor,
texture and loss of skin, as a consequence of boiling, were evaluated. The
extreme values of these scales are as follows. Fibrousness (1=non fibrous,
5=extremely fibrous), flavor (1= very weak green beans flavor, 5 = very
strong green beans flavor), texture (1=very soft, 5 = very hard), skin loss (1=
non- skin loss, 5= marked loss of skin) . color {1 = very light green}, 5 = very
dark green.

Statistical analysis
The resuits of organoleptic tests were analyzed by the analysis of
variance (ANOVA) and least significant differences (L.S.D) using the
procedure by Statistical Analysis System (SAS) program according to Steel
and Torrie (1980). Significant differences were determined at the level p

.05.
RESULTS AND DISCUSSION

Effect of packaging and storage period on shelf life of fresh green
beans:

Shelf life and changes in pods quality of fresh green beans after storage at
7 °C and 95-97% relative humidity for a period up to 14 days were
determined and the weight loss, visuai quality , firmness and turgidity , off-
odor and dry matter as affected by type of package as well as the storage
period are shown in Table (1). As shown in the data presented in this table , it
couid be noticed that the lower weight loss occurred in samples polyethylene
packaged was (0.12%). On the other hand, the perforated polypropylene
package resulted in higher weight iosses (2.37%) and still better than that of
the unpackaged ones . With respect to these results for visual quality of
green beans there was a significant interaction in visual quality of pods
between the package material and storage period (Kader, 2002). For
instance, while the sealed polyethylene package has maintained visual
quality of samples for up fo 7 days , after which it started to deteriorate within
7 days, for the other package. These results are in agreement with those
reported by Cantwell and Kasmire (2002), who found that post harvest life of
beans was only 7-10 days at 5-8C but in case of polypropylene package it
was significantly betisr than the unpackaged sample. - Coneerning the
firmness and turgidity, the results in Table (1) show also that a sigmifigant
decrease in firmness and turgidily with prolonged storage for the #wo
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packages and the unpackaged sampies. On the other hand, the sealed
polyethylene package has maintained firmness and turgidity for at least 7
day. These results are in agreement with those of Buescher and Adams
(1979). For the sealed polyethylene ‘package, perforated polyethyiene
package and unpackaged had no off-odor for 7 days. On the other hand, the
average off-odor of unpackaged samples was sharply increased to the
unacceptable value of (4.67) after 14 days of storage. Slight differences
occurred in dry matter of green beans among the samples packaged in the
two studied packages with prolonged storage. For the perforated
polypropylene packages, dry matter was increased as the storage period
reached 14 days. In contrast, a sharp significant increase occurred in dry
matter for the unpackaged samples, after 7 days of storage. Since dry matter
percentage depends on fresh weight, it is most likely affected by factors that
cause loss in lissue moisture content. So, the increase in dry matter
percentage may he due to water loss. These resuits are harmonized with
those of Luh and Woodroof (1978), who found that moisture losses of
vegetables and fruits during post harvest may be reduced by protective
packaging.

Generally, from the aforementioned data, it could be concluded that the
green beans quality attributes were influenced by packaging lype and storage
period and it had the highest reduced values in the unpackaged samples.

Table (1):Effect of different packaging maternais on quality attributes of
green beans during storage at 7 ¢ with relative humidity (95

— 97%).

s;::;e Type of packaging “:_e‘:g:t Visual i Firmness | Off- Dry
(days) materials % quality (nd turgidity | odor { matter
Zero time - 0.0 9.0 5.0 1.0 | 11.40
T days a) Unpackaged 4.71 7.00 4.00 1.00 | 10.94
b} Perforated Polypropyiene 2.37 9.00 5.00 1.00 | 11.40

¢) Polyethylene 0.12 9.00 5.00 1.00 | 11.61

14days a) Unpackaged 19.77 $.00 1.00 100 } 13.37
h) Perforated Polypropylene 14.56 167 1.00 1.00 § 12.03

¢) Polyethylene 0.52 7.00 4.33 467 | 11.53

Quality changes in green beans during six months of subsequent
frozen storage:

Hue angle and chlorophyll have been used to express the degree of
greenness and the development of yellowing during storage of specific
vegetables .The data in Table (2) show that the hue angle(tan’'b/a)
decreased slightly during storage of blanched green beans, but the fowest
contents were observed after storage of the green beans at 7 °C for 14 days.
On the other hand, the same data indicate that the change in color during
storage was most closely correlated with the changes in chlorophyil which
was a beiter predictor of visual color than the instrumental color values
(Shewflet et al.,1983). Furthermore, the hue angle and chiorophyil of raw
green beans were also correlated strongly to these quality characteristics in
blanched pods before freezing compared to the un blanched sample
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(Lurie,1998). Also, it could be noticed that weight changes gave an indication
of ioss of moisture and the content of chlorophyll which provides a measure
of greenness in green beans. These results are in accordance with those of
Lebrmann et al. {1968).

Nutritional quality

The effect of storage periods at -18 °C  on ascorbic acid content of
frozen green beans previously cold stored and blanched was studied and the
results are presented in Table (2). The data in this table indicate that ascorbic
acid content decreased by 12% during the first 3 months -of frozen storage
period. These results are in agreement with those of Harris and Karmas
(1975). But in case of frozen samples without previous blanching the loss of
ascorbic acid increased to 75% after the same period. These results are in
accordance with those obtained by Luh and Woodroof (1978),who found that
blanching decreased vitamins loss during freezing, the matter which served in
keeping the qualities of vegetables pigments. Moreover, ascorbic acid
content of green beans was affected greatly by the period of storage before
freezing process which ascorbic acid was highly decreased the raw samples
stored for 14 days.

Table (2):Effect of storage at -18 °C of green beans on hue angle, total
chiorophyll, ascorbic acid and carotenoids.

Subsequent storage time of green beans at -18° ¢ for
Chiorophyil Ascorbic acid .

storagel 0 angle (mgH00gidry | (mg/100g) dry Carotenoids
e at i weight welght {mg/1000 g)
(days) zero| 3 6 |[zero| 3 6 | zero k) 6 |zeroj 3 ]

Time|month|month{ Time imonth/month! Time month/month| Time |month|month
0 a & de a c ¢ | cd e a a a

-51 | -55.9 | 59.40 [176.2] 158.2 | 154.2 [2054 8! 668.0 ; 667.4 |51.50] 51.51 | 54.76
7 ab c afe | ab | be c b d f a a a

53.8|56.71 | 60.40 [172.3| 161.4 [ 157.0 [1166.1] 8151 [ 529.3 [57.17; 57.17 { 55.53
14 cde f _ a d non o a non | a a non

58.0 | 62.65 125.0} 125.2 -9343 | 814.8 52.501 52.51

Means within a column followed by different letters are significantly different (P < 0.05) ,
Non evaluated .

The effect of preparing and freezing processes at -18°C of green beans
for 6 months on the dietary fibers fractions are presented in Table (3). The
results in this table show that the neutral detergent fibers (NDF) content was
higher than the acid detergent fibers (ADF)} content. This could be attributed
to the fact that NDF represents the total cell wall components including
hemicelluloses, cellulose, lignin and cutin. Whereas, the (ADF) content
determines only the celiulose, lignin and cutin. The difference is clearly due
to hemicelluloses fraction. The same data shows that both NDF and ADF
values within the freezing storage were decreased .Which reached to 19.16
and 7.35% in the end storage (6 months) . Also , the resuits indicated that
hemicelluloses fraction was greatly affected by processing and storage
period whereas , both celiulose and lignin were slightly decreased . Also, it
was observed that green beans crude fibers percentage ranged from 12.72
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to 4.10% . These differences may be due to the storage time before and
after freezing as well as to the method of preparing samples before freezing .
On the other hand , the (NDF) values were higher than the crude fibers
values .These results are in agreement with those of Van-Soest and
McQueen (1973) , who found that crude fibers did not & good estimation of
the total amount of fibers percent .Conclusively , dietary fibers of plant foods
is currently receiving such attention as an essential nutrient that has
heneficial effects on hypercholesterolemia and various intestinal disorders.

Table (3): Effect of processing and freezing storage at -18°C for 6
months on green beans dietary fibers fractions .

Dietary fibers | Storage Effect of freezing storage on dietary fibers
fractions time fractions
(days) Raw Zero 3 6
Materials time Months Months
NDF Zero time 27.50 2654 | 2215 16.11
ADF 14.15 18.28 16.31 13.25
Lignin 271 269 1.60 0.60
Hemicelluloses 8.35 777 5.50 2.50
Celiise 16.47 16.15 13.01 11.10
CF 12.72 10.63 9,00 6.15
NDF 7 days 27.50 25.11 20.35 13.15
ADF . 19:15 15.13 15.06 10.17
iLignin 2.7 1.90 0.81 0.45
Hemicelluloses 8.35 §.50 3.90 1.1
Cellulose 16.47 14.20 11.56 6.15
CF 12.72 14.21 7.81 4,01
NDF 14 days 27.50 19.10 15.10 19.16
ADF 19.16 11.12 11.12 7.35
Lignin 2.71 0.75 0.56 0.12
Hemicelluloses 8.35 4.60 1.56 0.56
Cellulose 16.47 12.60 7.91 5.10
CF 12.72 10.15 4,51 4.10

*(on dry weight bases ),CF: Crude fibers ,NDF: neutral detergent fibers, ADF: acid
detergent fibers.

Sensory evaluation of frozen green beans:

Sensory properties of unblanched and blanched frozen green beans after
being stored at7°C for 7days are given in Table (4 ). After zero time, 7 and 14
days of storage period at 7 °C, all the pods were rated as edible. Samples
which were stored frozen as raw green beans pods for 14 days and as
blanched pods for & months were the only samples, which were not
evaluated because they had a strong off-odor and were tainted (data not
shown) So, the resuits of sensory evaiuation of stored frozen green beans at
-18°C  for 6 months after storage freshily at 7°C for 7 days were included
only. Table (4) shows the means of the scores awarged of the statistical test
applied. From the above table, no significant diffesiinces couid be observed
regarding fibrousness and flavor. With respect § color only the sample
analyzed after 6 month differed significantly .The loss of skin increased as the
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storage period proionged. With respect to texture although there are
significant differences, in general it continued acceptable being neither too
soft nor too hard. On the other hand, bianched process, unblanched and
storage periods had an effect on sensory properties.

Generally, according to the results of the present study, green beans
must be stored in satisfactory conditions before processing. The factors
influencing the quality of deep frozen vegetables were the post harvest,
packaging type and the pre-processing such as heat treatment . Resurrection
et al (1987) considered the degradation of vitamin C and the loss of
palatability including sensory characteristics such as color, flavor and textural
parameters, in which the taste parameter, to be the main criteria for
determining the shelf life of vegetables.

Table (4): Sensory valuation of green beans frozen at (-18°C) after being
storage at 7°C for 7 day. ‘

Beans frozen at -18°C for -
Zero time 3 months 6 months 8
1]
L 2 - ° e
5 52| B D 2 2 2 3 £
= 2E e £ ] £ o £ 3
] [rg— e - ¢ s G 5 i} =
o © n = £ L =4 & £ =
28 & s ] S ] s &
H s & o = a c = 5
no - 2 =2
Color a a b b ab a a P<0.05
3.9 3.4 3.7 2.9 3.4 3.8 3.7
Fibrous 15 1.2 14 1.2 14 1.6 1.6 ns
senses
Flavor 2.4 3.2 27 1.5 3.2 27 2.6 ns
Texture ab b ab a a zb ab P<0.05
3.2 3.3 3.1 2.6 2.6 2.9 2.7
Skin loss a a a b ab 2.1 ab P<0.05
1.0 1.1 1.5 1.9 1.3 1.7

a, b means the same letter indicate non significant difference betw#en those mean within
a row. Ns: not significant.

REFERENCES

Anonymous {2005). Agricultural statistics , Part 2 , Ministry of Agriculture and
Land Reclamation , Egypt.

AOAC (2000). Association of Official Analytical Chemists . Official Methods of
Analysis . (17th Ed. ), Washington , DC,USA.

Buescher, R.W and Adams, K. (1979). Influence of packaging and storage on
quality of presnipped and cut snap beans Akr Farm Res., 28:14

Cantwell, N. 1. and kasmire, R. .F {2002). Post-harvest handling systems:
Fruit and vegetables. In A.A. kadder {ed) Postharvest Technology of
Horticulturat Crops Univ. Calif Agricuitural and Natural Resources
Pubiication, 3311:407-421.

Goering, H.K. and Vansoest, P.G. (1970). Forage fiber analysis (apparatus)
reagents , procedures and some applications. Agr. Handbook No. 379
ARS / USDA.

Harris, R.S. and Karmas, E. (1975). Nutritional Evaluation of Foods
Processing. 2™ ed., AVl Pub. Co., INC., West part, Conn.

8357



Abd - Elatif, Somia H.

Jimenez, M. ; Treji, E. and Cantwell, M. (1898). Post-harvest Quality
Changes in Green Beans. Reseach Report. Uc Davis Cooperative
Extension Service & pp.

Kader, A.A (2002). Post-harvest biology and technology An overview. In A A
kader (ed) Post-harvest Technology of Horticultural Crops. Univ. Calif
Agricuitural and Natural. Resources, Publication, 3311: 39-47.

Kasmire, R. F.; kader A A. and kalustermeyer J.A.{(1974).Influence of aeration
rate and atmospheric composition during simulated transit on visual
quality and off odor production by broccoli.Hort.Science,9:228-229.

Lebermann, K.W. ; Nelson, A. |. and Steinberg, M.P. (1968). Post harvest
changes of broccoli stored in modified atmospheres . 1 . Respiration of
shoots and color of flower heads. Food Technol. 22, 143-146.

Luh, B.S. and Woodroof, J.G (1978). Commercial vegetable processing. The
AV1 Publishing Co., Westport, Connectut. U.S.

Lurie, S.{1998). Post harvest heat Treatments. Post harvest. Biol. Technol., 4
. 257-269

Resurreccion A.A.; Shewfelt, R.\L.; Prussia, S.E. and Hurst, W.C. (1987).
Relationships between sensory and objective measures of post harvest
quality of snap beans as determined by cluster analysis. J. Food Sci.,
52, 113-123.

Shewfelt, R.L; Batal, K.M. and Heaton, B.K. {1983}. Broccoli storage effect of
N6- benzyladenine, packaging and icing on color of fresh broccoli.J.
Fond Sci., 48:1594-1597.

Splittstoesser, EJW. (1979). Vegetables growing hand bogk, AV! Published
Company, Inc Westport Connecticut, p. 144.

Steel, R. G. and Torrie, T.H. (1980) . Principles and procedures of statistics.
Abiometrical Approach. McGraw Hill Book Comnp.,inc., New York, USA,

VanSoest, P.J. and MCqueen, R.W. (1873). The chemistry and estimation of
fiber. Proc. Natur. Soc., 32:123.

Wettestein, D.V. (1857). Chlorophyll- Letate und der submikroskopische
Form Wockee Der plastischen. Experimental ceil Research, 12:427.

Saaneadt g 5 pmall £1 pladd) L gualdll Baga Ao aduath B Le cBlalaa il
chaballl 46 Cpen doaw
L e =8l = Aol )3l igandl S e — Y L ol 660 &gy sgaa

el e e T de Bronco wiua el paddt W palill o535 o5 A ol o3a 8
gl s o5 ¢ 2l Aalaall ey gy VE B2 (LEA) s ey (5sadll Sl bl
Vi Gedd) el e S A 55 5 Bl el Aaaall Lgimg puS 5 g (oY) Jabally o jnl
e B0 A S aiall JB 5 gl £ iy 2l cu R Gy O Lgle Jeantdl gl il L et
gl & ekl aaaall el pmall Ll pealdld iy SN ¢ sl S e g pslSHy (sl ol Gl
e el ) Ol all (oo Aa Ul e ad U palill 335n o Abiladll § g Juadl O L
i g S O (e il s iy o AW Slyally ol e Culiila G (5 503 Salae g
sica o L Bilad) Ciy cad of Ui Tl il WS L aeatll g 20,0l o583 o8 60 ok
U s il gl %40 b Ak gy Y R e o 3SAd Y ey Y Ly Sasal
o 53 g daadl e any o Al 2l gk i e age VE B Aa Ul il o 3aS
Sliad Lgualh (b ol g Sl o T Sy 6 el y s

8358





