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ABSTRACT

Heat stress caused during high temperature and direct solar radiation. Subsequently, sunburn
occurred and caused allot of problems, which lead to significant economic losses in Balady mandarin
crop. Trees were treated with Kaolin 3% twice, and kaolin 6% to study the effect of kaolin as an anti-
heat stress on fruit quality of Balady mandarin trees during the two seasons (2016 and 2017). These
treatments caused an increase in fruit production as well as fruit quality (weight, volume, diameter,
and length). Also treatments caused enhancement in the chemical composition of mandarin fruits,
expressed as total sugar, acidity, fibers, protein, TSS/TA ratio and TSS%. Moreover, fruits juice from
treated trees were used for preparing mandarin flavored yoghurt. The results showed that kaolin
treatments improved the rheological characteristics and the total acceptability of yoghurt. From the
obtained results, it is recommended to: carry out foliar application of Balady mandarin, cultivated in
newly reclaimed lands with Kaolin at 6% concentration at mid-June to significantly increase fruits
quality and the ability to produce mandarin flavored yoghurt, consequently increase the add value to
the fruits.
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Introduction

Citrus production occupies the first rank among other fruits production in Egypt. Balady
mandarin came in the second place after Orange where the total area is 111348 Fed., with total
production of 935536 tone (according to Ministry of Agriculture and Land Reclamation/ Annual
report 2017).

Balady mandarin fruits suffers from sunburn as a result of heat stress. Direct solar radiation cause
fruit damages such as: splitting, rind disorders, sunburn and other fruit blemishes (Minessy et al.,
1969). These disorders have a negative effect on yield and fruit quality as well as increase of
unmarketable fruits and cause high losses to the growers (Verreynne and Merwe, 2011). Therefore
,foliar spraying of Kaolin-based particle films could be reduce the injured fruits percentage as well as,
increase fruit weight and size (Zaky et al., 2018). Additionally, anti-heat stress substances improving
fruit quality and production of fruit crops and were reducing water evaporation for several plants
(Hassan and Seif, 1997; Prakassh and Ramachndran, 2000; Sophocleous, 2004; Saleh and El-Ashry
Soad, 2006; Ahmad et al., 2012 and Ebrahiem Asmaa, 2012).

Moreover, foliar spraying of kaolin on apple tree led to minimizing the temperature of fruit
surface, reducing sun injuries as well as improving yield and fruit quality Glenn, (2009). Kaolin foliar
applications at 3 and 4% decreased leaf heat and fruit surface temperature and was more effective to
control sunburned fruits of Balady mandarin trees (Ennab et al., 2017). Moreover, kaolin foliar spray
was used to enhance water use efficiency and reducing the adverse effects of water deficit on
pistachio and pomegranate trees (Azizi et al., 2013; El-Khawaga and Mansour 2014).

Flavor of mandarins fruits is unique and richer than that of most citrus species. It contains an
antioxidant called "Quercetin" which reduces cellular death caused by oxidation and inflammation of
neurons (De Ancos et al., 2017). Moreover, fruits have a high in fiber and vitamin C, K, B 6, and
riboflavin percentage which in turn helps prevent atherosclerosis and heart disease and helps prevent
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cholesterol from building up in the lining of blood vessels. Beside, low in calories and no fat or
cholesterol (Abeysinghe ef al., 2007).

The increasing attractiveness of mandarin juice with consumers, as well as the importance
which food technology scientists attach to such juice, has led to an impressive development in this
sector.

Consumption of dairy products is associated with beneficial health effects beyond their
nutritional values. Due to its healthy perception, dairy products have been served as vehicles for
functional food ingredients over the last 20 years, such as phytochemical and probiotics. Fermented
milk products have positive health image due to the beneficial viable bacteria and yoghurt has been
already recorded as a healthful product. Yoghurt contains healthy bacteria known as probiotics, which
keep the digestive and immune system functioning well. It is also a good source of protein and
nutrients important for bone health. Yoghurt help prevent osteoporosis, reduce the risk of high blood
pressure and active cultures helps the gut (Lourens, 2001).

The main objective of this study was to examine the effect of anti-heat stress treatments as
Kaolin particles fruit yield and quality of mandarin trees. Furthermore, to develop functional yoghurt
of acceptable quality based on mixing yoghurt and mandarin. Value added processing of horticultural
crops essentially includes activities that alter fresh fruits to produce a higher value added product for
human consumption.The chemical, rheological, physical and organoleptic characteristics of mandarin
and the formulated yoghurt were determined.

Materials and Methods

Kaolin clay is a naturally occurring mineral, the main constituent is kaolinite with the formula
ALSi,Os5(OH)4 (Yahaya et al, 2017). It used in the present study as anti-heating stress treatment,
which were applied as reflective foliar coating, at privet farm (Dina farms about 80 km north of Cairo
“ Alexandria desert road” during 2016 and 2017 successive seasons on 6 - year old trees Baldy
mandarin (Citrus reticulata Blanco), budded on sour orange rootstock under drip irrigation system.
Twenty seven trees were selected at similar in growth vigor and fruiting, free from any visual
infections and received regularly the recommended horticultural practices. Each treatment was
applied into three replicates with 3 trees/replicate. The treatments were as follow:

1- The control (trees were sprayed with water).
2- Spraying Kaolin 3% (3 Kg/100 L.) twice at mid-June and the st of July.
3- Spraying Kaolin 6% (6 Kg/100 L) at mid-June.

Each tree received individually about ten liters of spraying solution “till runoff”. The
experiment was arranged in a randomized complete block design. Furthermore, to evaluate the
efficiency of the tested treatments on tree fruiting and fruit quality.

At harvest time (mid-January) for both seasons, yield and fruit quality were evaluated as
follow:

Tree yield:

Fruits were gathered during the ripe stage “late of January” from each tree of various replicates
and yield weight (kg/tree) was estimated by multiplying the number of fruits with average fruit
weight.

Fruit quality:

a) Fruit physical properties:
Twenty fruits from each tree under study were chosen for determining the following parameters:

- Fruit weight (g).

- Fruit size (ml).

- Fruit shape index = fruit length (cm)/ fruit diameter (cm).
- Fruit bulb weight (g).

- Fruit firmness (g/mm?).
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b) Fruit chemical properties:

- Total Soluble Solids (TSS) by using a hand refract meter.

- Total Acidity of fruit juice (as citric acid %) by titration with 0.1 Normal sodium hydroxide with
phenolphthalein reagent (A.O.A.C., 2005).

Yoghurt manufacturing:

Fresh mandarin fruits were washed, peeled and cut into very small pieces with the disposal of
the seed, then added as a puree to buffalo milk (14.88 % T.S, 5 % Fat), obtained from the Dairy
Science Department, Faculty of Agriculture, Cairo University, for preparing the following treatments:
a) Yoghurt with 8% mandarin (the control)

b) Yoghurt with 12% mandarin (the control)

¢) Yoghurt with 8% mandarin treated by Kaolin 3% twice
d) Yoghurt with 8% mandarin treated by Kaolin 6%

e) Yoghurt with 12% mandarin treated by Kaolin 3% twice
f) Yoghurt with 12% mandarin treated by Kaolin 6%.

The yoghurt was manufactured according to the protocol proposed by Tamime and Robinson
(1999) with some modification as shown in Fig (1).

Fresh buffalo
milk

Heat treatment . o

(95C\15 min.) [ Cooling to 42C

Starter culture

addition B
Treatment a Treatment b Treatment c Tretment d Treatment e Treatment f
addition addition addition addition addition addition

l

Incubation of milk at (37 C°\ 3h.)

Cooling of yoghurt at 5C°

Fig. 1: Technological process of yoghurt samples with mandarin treated by anti-heat stress treatments
Yoghurt samples were stored for 10 days at 5 °C + 0.5°C.

Chemical analysis of yoghurt:
Total solids (TS), Protein, Fats, Titratable Acidity and pH values of milk and yoghurt were
determined according to the method described by A.O.A.C., (2005).

Microbiological analysis of yoghurt:

Testing and quantification of Total count and Yeast & Mold was done according to standard
methods for examination dairy products. texture profile of PCS was measured as described by Bourne
(1982) using an Instron Universal Testing Machine model 1195, Stable Micro System (SMS) Ltd.,
Godalming, UK.
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Rheological characteristics of yoghurt:
Texture profile of PCS was measured as described by Bourne (1982) using Instron Universal
Testing Machine model 1195, Stable Micro System (SMS) Ltd. Godalming , UK.

Sensory Evaluation of yoghurt:

Fresh set and flavored yoghurt from the different treatments were evaluated for their sensory
attributes by ten well-trained members of the staff of the Food Technology Research Institute. The
panelists were judged the samples for appearance(out of 10 points), flavor (out of 50 points) ,Body
&texture (out of 30 points) and color (out of 10 points) as described by El-Etriby et al. (1997).

Statistical Analysis:
Collected Data were subjected to analysis of variance and means were compared using LSD
test at 5% level according to Snedecor and Cochran (1980).

Results and Discussion

Tree yield:

It was obvious from data in Fig. (2), that all kaolin treatments “as anti-heat stress” increased the
fruit yield / per tree (kg) for both seasons in compared to the control treatment respectively.
Moreover, spraying Kaolin 6% gave the highest values of fruit (Kg) /tree (84.18 & 57.83 Kg) when
compared to the untreated trees (72.88&41.22 Kg) for both seasons. In addition, spraying Kaolin 3%
twice increased the yield per tree (82.16 & 49.39 Kg.) in compared to the control. Herein, kaolin
treatments improve the tree fruit yield and reducing the fruit losses percentage.

Fruit yield

2016 season 2017 season average
MKaolin 3% twice W Kaolin 6% O Control

Fig. 2: Effect of Kaolin clay applications as anti-heat stress on yield / tree (Kg) of Baldy Mandarin
trees during 2017and 2018 seasons.

Fruit quality:

a)Fruit physical properties:

Effect of Kaolinite treatments on baldy mandarin fruit physical characteristics were expressed
as: fruit( weight, size, shape index, pulp weight), data in table (1) illustrated that Kaolinite treatments
significantly increased both fruit weight and size in the two studied seasons and decreased fruit shape
index in compared to the control treatment. Also, Kaolin at 6% conc., treatment gave the highest fruit
weight (gm.) in both seasons (141.22 &142.50), respectively. Whereas, Kaolin 3% treatment caused a
significant increase (135.2 &138.6) in comparison with the control treatment (125.22 &125.90)
.Moreover, that increase was significantly less than Kaolin 6% treatment.
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In the same line, fruit size (ml.) were 157.67, 146.98 and 135.25 with Kaolin 6%, Kaolin 3%
and control treatments in the 1% season, respectively. While in the 2" season it was 152.98, 142.43
and 127.38, respectively. In contrary, it’s clear that Kaolin 6% and 3% conc., gave the lowest shape
index “0.904 & 0.881” in compared to the control treatment0.”0.846”. While in 2™ season it were
0.891, 0.879 and 0.848, respectively

On the other hand application of Kaolin 6% caused a significant increase in fruit pulp weight
which were (96.08 and 96.67 gm) in the 1*' and 2™ seasons respectively in compared to Kaolin 3%
and the control treatments. Also, Kaolin 3% treatment have significantly increased the pulp weight
than the control treatment. As for fruit firmness, Kaolin 6% application gave the highest values “42.89
and 44.67 g/mm? in 1% and 2™ seasons, respect., followed by Kaolin 3%conc., (37.56 and 38.11
g/mm?) respectively, and the control treatment (34.89 and 33.11g/mm? ) respectively.

Table 1: Effect of Kaolin clay applications as anti-heat stress on some fruit physical characteristics
during the 1% & 2" seasons.

Fruit weight Fruit size Shape Pulp weight Firmness
Treatments (2) (ml.) index (2) (g/mm?)
The 1% season
Kaolin 3% twice 135.20B 146.98 B 0.881 B 89.84 B 37.56 B
Kaolin 6% 141.22 A 157.67 A 0.846 C 96.08 A 42.89 A
Control 12522 C 135.25C 0.904 A 82.07C 34.89 C
L.S.D .05 5.98 10.45 0.021 6.12 2.37
The 2" season
Kaolin 3% twice 138.60 B 14243 B 0.879 B 92.06 B 38.11B
Kaolin 6% 142.50 A 15298 A 0.848 C 96.67 A 44.67 A
Control 12590 C 127.38 C 0.891 A 82.80 C 33.11C
L.S.D (.05 34 9.35 0.011 4.32 4.65

Means with same capital letter did not differ significantly.

Present study cleared that, both Kaolin treatments caused an increase in fruit yield combined by
similar increase with fruit weight and size, such finding was in the same line with those obtained by
Myhob et al. (1996), Jifon and Syvertsen, (2003) and Tsai et al. (2013), they found that an increases
in fruit weight and size due to anti sunburn applications reduced water losses from fruit peel during
fruit development stage (from June to August) which increased the peel flexibility. Also, Jifon and
Syvertsen, (2003) whom illustrated that when grapefruit leaves treated with kaolin film particles
caused an increase in stomatal gas exchange of leaves, Co, assimilation rates and water use efficiency.
This findings will be reflected on fruit pulp weight and firmness (Spiegel-Roy and Goldschmidt,
1996).Therefore, postharvest reduction in citrus fruit firmness is largely due to loss of water, mainly
from the peel (Spiegel-Roy and Goldschmidt, 1996), thus, any treatment can be reduced moisture loss
and retain fruit firmness (Kawada and Albrigo, 1979).

b) Fruit Chemical properties

As for, some chemical properties of treated baldy mandarin fruits in compared to the control, in
terms of Total Soluble Solids TSS, Acidity, Total Soluble Solids to Acid Ratio TSS/TA R., total
sugar, fibers and proteins. Data in Table (2) cleared that, Kaolin applications at 6%conc., treatment
gave the highest TSS and Acidity percentages respectively, followed by kaolin applications at 3%
concentration twice then the control treatment during both studied seasons. Whereas, TSS% were
(11.83, 12.33 & 10.20 % respectively, in the 1% season, while it were 11.96, 12.78 and 10,87%,
respectively, in the 2™ season . Acidity percentages were 1.36, 1.46 and 1.29% and 1.33, 1.48 and
1.24 % respectively, in both seasons. As for, TSS/TA ratio, kaolin 3% twice had the highest TSS/TA
ratio followed by kaolin 6% then control treatments. In spite of, both Kaolin treatments were higher
values than control treatment, but there were no significant differences between them on total sugar
%. Fiber contents was significantly higher with kaolin 3% conc., treatment followed by kaolin 6%
conc., then control treatments. On the other hand, kaolin at 6% conc., treatment gave the highest
proteins contents followed by kaolin at 3% conc., then the control treatments.
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Table 2: Effect of Kaolin clay applications as anti-heat stress on chemical composition of mandarin
fruit s during the 1* & 2™ seasons.

TSS/TA Total

Treatments ;1:53 Af(l,/(: 1)ty Ratio suogar P;l(;e)r P‘;‘(f/te)‘“
(%)
1%t season?
Kaolin 3% twice 11.83b 1.36b 8.70 a 7.75a 0.73 a 1.75b
Kaolin 6% 1233 a 146 a 8.45Db 8.10a 0.66 b 1.86a
Control 10.20 ¢ 1.29 ¢ 791 ¢ 6.87b 0.62c¢c 1.20 ¢
L.S.D (0.05) 0.4 0.09 0.24 0.55 0.04 0.1
2" season?®
Kaolin 3% twice 11.96 b 1.33b 8.99 a 792 a 0.77 a 1.80 b
Kaolin 6% 12.78 a 148 a 8.64b 822 a 0.69b 1.95a
Control 10.87 ¢ 1.24 ¢ 8.17 ¢ 6.92b 0.66 ¢ 1.25¢
L.S.D (0.05) 0.7 0.08 0.31 0.5 0.02 0.12

® Means with same capital letter did not differ significantly.

These results are harmony with those obtained by Ennab er al. (2017) and El-Tanany et al.
(2019) whom showed that foliar application of kaolin as treatment for sunburn in baldy mandarin
caused an increase in TSS, acidity and TSS/TA Ratio. Moreover, Chabbal et al. (2014) using of
Kaolin applications to control sunburn in Okitsu mandarin, found that an increase of tested chemical
properties may be due to the increase of photosynthesis which lead to creation more sugar, fibers and
proteins .

Chemical Composition of Yoghurt with mandarin

Results in (Table 3) declared that protein increased in fruits from trees treated by Kaolin 6%.
The changes of composition in different yoghurt as affected by addition of mandarin treated by Kaolin
3% twice and Kaolin 6% were presented in (Table 3). The total solids (TS) was higher in yoghurt with
mandarin treated by Kaolin 6% and Kaolin 3% twice, total solids of control yoghurt was 16.08 and
16.18 while total solids was 16.36,16.38,16.45 and 16.77 in yoghurt with mandarin treated by Kaolin
6% and Kaolin 3% twice. The nutritional value of yoghurt with mandarin was better in terms of fat,
protein and ash content, these results was due to the composition of mandarin treated by kaolin,
screen. The acidity of yoghurt were decreased, it was reported that, the high rate of production of
lactic acid in yoghurt was observed at the initial 12 days due to the high bacterial metabolic activity
with the consumption of lactose (Beal, 1999).

In general, the pH was lower in yoghurts fortified with control mandarin when compared with
mandarin with kaolin, screen. Lee and Lucey (2010) mentioned that, the increased solids content in
yoghurt milk as a result of fortification also creates increased buffering that requires additional anti-
heat stress treatments development by starter culture to achieve a similar pH target .The increasing of
pH values of yoghurt fortified with mandarin ranged from 4.62 to 4.89. Ash increased from 0.77 to
0.88 %.

Table 3: Effect of Kaolin clay applications as anti-heat stress on chemical composition of yoghurt.

Samples T.S Protein Fat Ash Titratable pH
(%) (%) (%) (%) acidity
A 16.08 4.14 3.23 0.77 1.77 4.62
B 16.18 4.15 3.23 0.80 1.77 4.62
C 16.36 426 3.46 0.78 1.73 4.75
D 16.68 4.33 3.37 0.86 1.65 4.80
E 16.45 4.27 3.55 0.86 1.68 4.82
F 16.77 4.34 3.69 0.88 1.60 4.89

Microbiological analysis

Microbiological analysis of yoghurt with adding mandarin (Table 4) showed that, total count
increased during storage periods, samples A and B had the higher total count than the other
treatments. It can be seen clearly from Table 4 that yeast and mold counts increased progressively
during storage. Con et al. (1996) found that, the high yeast and mold count could be attributed to
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contamination from air, the fruit marmalade, molasses and the 1 day old culture used for yogurt
manufacture. Treatments E and F had the lowest total count and yeast & mold than all treatments
during storage periods; these results may due to decreasing of acidity and the effect the percentage of
anti-heat stress treatments in mandarin.

Table 4: Effect of Kaolin clay applications as anti-heat stress on Microbiological analysis of yoghurt
with adding mandarin.

Parameters A B C D E F

Storage 510 5 10 5 10 5 10 5 10 5 10
periods(days)

Total count(log!®) 8.18 848 820 852 731 744 732 742 713 720 706 7.12
Molds

&Xonst(los') 365 422 366 425 311 344 314 346 234 265 219 250

Rheological characteristics of yoghurt

Yoghurt made with mandarin treated by anti-heat stress treatments (Table 5), it was observed
the differences between treatments of the yogurts fortified with the different dairy ingredients. Results
indicated that, except of the springiness criterion, other texture parameters, namely hardness,
cohesiveness, gumminess and chewiness exhibited proportionally higher values. The texture of
samples treated by salicylic acid changed, these observation may due to increasing of total solids
while, springiness of yoghurt samples behaved opposite trend. Similar findings were reported by
Pollard et al. (2003).

Table 5: Changes in rheological characteristics of yoghurt with adding mandarin

Samples Hardiness Chewiness Cohesiveness Springiness Gumminess

™) (N/m) (G) (mm) ™)
A 0.7 1.97 0.24 12.06 0.2
B 0.7 1.69 0.27 12.10 0.2
C 0.9 2.52 0.32 11.35 0.3
D 0.9 2.55 0.38 11.15 0.4
E 1.8 3.76 0.52 11.59 0.4
F 1.9 4.21 0.24 11.08 0.4

N: Newton m: meter mm: millimeter

Sensory Evaluation

Sensory attributes were evaluated as flavor, texture, color and overall acceptability. The results
for the experimental yogurts are given in (Table 7). The yogurt samples with mandarin containing
anti-heat stress treatments had a higher scores of overall acceptability compared with the other
treatments. These results may due to the physical characteristics of mandarin treated by anti-heat
stress treatments.

Table 7: Sensory evaluation of yoghurt with adding mandarin.

Sample Storage periods Appearance Flavor Body &Texture Color Overall
(days) 10) (50) 30 (10) acceptability
A 5 8 46 27 9 90
10 6 42 26 6 80
B 5 9 47 27 8 91
10 7 41 25 6 79
C 5 9 47 27 9 92
10 8 44 26 7 85
D 5 9 47 27 9 92
10 8 45 27 7 87
E 5 9 48 28 9 94
10 8 46 26 7 87
F 5 9 49 29 8 95
10 8 46 28 7 89
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Texture of yoghurt is influenced by various factors such as quality and composition of milk and
its protein and fat content, heat treatment, combination of lactic acid bacteria used, acidification rate,
and storage time (Sodini et al., 2004).

Similarly, sensory evaluation scores on the flavor, the body and texture, and the color and
appearance of the yogurts fortified with casein hydrolysis decreased by storage time (Zhao et al.,
2006). It was observed that, samples E and F had the highest scores of sensory evaluation while,
samples A and B had the lowest scores.

Conclusion

It could be concluded that Kaolin applications as anti-heat stress treatments enhance fruit yield
and fruit quality of baldy mandarin fruits, especially at 6% conc. Moreover, Mandarins (Citrus
reticulate) fruits treated by Kaolin clay (organic material) as anti-heat stress treatments can be used
as a functional ingredient in yoghurt due to its flavor, natural antioxidant, fibers and pectin content. In
addition, it consider a nutritive constitute and health promoting characteristics will be improved the
rheological characteristics and the total acceptability of yoghurt. And it can be used successfully in
making functional yoghurt of acceptable sensory. Finally , it can be recommended that spraying of
Mandarin (Citrus reticulate) trees by Kaolin clay (organic material) as anti-heat stress treatments at
6% conc., to reduce the injury effect of sunburn which can be used in the manufacture of yoghurt .
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