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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background Information

Horticulture plays a significant role in the Kenyan economy and it’s the fastest growing subsector 111!
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CHAPTER TWO

2.0 Literature Review

2.1. Background information
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2.2. Banana production in Kenya
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Table 1:[Banana production statistics in selected Counties, 2015-2018

2015 2016 2017 2018

COUNTY | Area Volume | Area Volume | Area Volume | Area Volume

(Ha) (Tons) (Ha) (Tons) (Ha) (Tons) (Ha) (Tons)
MIlx[T] 7,038 251,132 7,503 276,919 11,305 288,266 10,542 308,095
MIT[TTI | 5,757 159,790 5,987 154,172 7,160 166,641 7,214 173,439
UL 6,318 142,036 6,670 145,036 6,208 122,850 5,485 152,409
REInN
RN 2,891 67,865 4,288 63,300 2,528 58,420 2,972 74,231
BEI%]]M 4,204 75,544 3,734 76,633 3,622 74,940 4,112 87,540
O 4,856 132,253 4,288 63,300 6,233 117,951 4,262 70,194
(J [ 3,088 60,975 3,919 77,415 4,193 67,986 3,791 64,158
B?@IDEJFD 1,985 22,692 1,852 23,091 1,861 24,246 1,400 23,550
MU 2,206 20,544 2,572 23,334 2,742 20,716 4,419 42,299
U 3,402 38,929 3,824 34,717 2,210 31,723 2,518 38,380
L i 2,005 30,708 2,259 42,475 1,943 44,000 1,898 37,840
CELELLIEET 2,057 30,856 1,987 40,098 2,765 30,667 2,829 42,014
OO 850 28,050 862 27,584 1,706 45,828 1,801 49,628
O 1,730 39,584 1,876 37,230 1,264 26,597 1,531 35,194
O 12,332 189,192 13,013 188,254 10,547 175,149 10,744 162,875
TOTAL 60,718 | 1,290,150 | 63,299 | 1,288,588 | 69,376 | 1,357,162 | 68,248 | 1,419,176

2.3 Nutritional value of Banana fruit

Source: (HCD reports 2016 & 2018)
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 CITIT T T T T e T (T 10 (o Ce QT (0 (0 CITOT T CT T T CE T O T O
(O T (O T T CT T C1 T T CTT COTIS (0 CIO O 2 OO I (o
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Table 2: O (L LTI (I T A IO IO T T T IOd (I T

Constituents Unit Ripening banana Plantain
O O 89 122
O IO (1] 74 65
(3 LTI (1] 1.1 1.3
OCTd m (1] 0.3 0.4
O Ldr I N 21.8 32
I (1] 2 3
OdIm O O 1 4
LTI ] 0 O 385 500
O O 0 8 3
MU [ RN 30 35
HERNERE RN O 22 30
UJ I o RN 12 20
OO [T (00 (D 0 O 40 80
O I T I (T (2 00 O 70 40
O (T O 610 600
OO w5 0 O 280 0
0 [0 w6 O O 470 0
CIord N 23 0

Source: Modified table adopted from Aurore et al., (2009)
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2.4. Post-harvest physiology of banana fruit
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2.4.1. Softening in banana fruits during ripening
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2.4.1.1. Degradation of the Cell wall during fruit ripening
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2.4.1.2. Cell membrane structure and changes during ripening
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2.4.1.2.1. Role of enzyme phospholipase D in membrane deterioration
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2.4.2. Applicable technologies to preserve post-harvest quality of banana fruits
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2.4.2.2. Cold storage
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2.4.2.3. 1-Methylcyclopropene (1-MCP)
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2.4.2.4. Hexanal and Enhanced Freshness Formulation (EFF) Application
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2.4.2.4.1. Effects of hexanal and its formulations on post-harvest shelf life and quality
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CHAPTER 3

3.0. Efficacy of Hexanal on the physical and physiological post-harvest characteristics of

Banana Fruits (Musa spp) in Kenya

3.1 Abstract
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3.2 Introduction
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deteriorative processes is key to enhance the fruit’s shelf life, preserve quality and extend their
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(LA TTharvest shelf life of various banana varieties such as ‘Sucrier’ (Romphophak et
allm2 T TTIrCavendish’ (Chauchan et al., 2006) and ‘Robusta’ (Kudachikar et al (2 (T T T T[T T[]
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(O I LT LT OO T A lIternaria alternate [1°d Botrytis(Cinerea, [ LI [T 17

(O CETIIC I T T (e (I T T CI OO T T I T T d r

(T OO T T T ) C e CTT AT T C T Tl 0l O COTTT TR COT T e (T

(MTr(Tet al M2 T T TIHO CET T IrTTTet al M2 6 MITd I T IO Tet al M2 T

(O T T O G COO T I DO T d e COC T O CIO T OO CO I T T (T
(0 O COTO I AU T T T T T T I T d dImTrTet al
2 [T T

25



[
[

O T T O T T AT CT T T T T OO T CO T CT T (T I T D
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CTT T CTO e O 0 COC I (O T CE T T I CT T O (et al (R CO 000 (T rd (I
O TIet al M2 CTT IO 0T T IO OO T T I (O] O Cd (O [l [0 CIrd O
CHITT T T A (T CITTITE O LI apple, a concentration of 2% 1 LI [ LTI T C1rCd T
1% in ‘Delicious’ and ‘IdaRed’ varieties when applied as a pre [T1t[ [ LTI LTI T T
(e T LI (T (O T CT T TS O 10 d T

I et al [ (T T T T T T T T OO T IO (O Cd r r
(I COOM T 1 OO (I d (00 (I (IO T O LI T

CETT T d (0 C CIAT T I I

1O COOT IO IO T I (O CTG I T ) O3 G CTI D d 1 1
(I LI LI OO OO T O IO IO LT T T T T T T IOT AT T i d

CO T T CI T 110 Cd OO T T CT T Ol (O COC I T T T
(t Cd (T

3.3 Materials and Methods

3.3.1 Site description

OO Id (0 (O Td OO CI D OO CO A I T T OO M O (IO T (T
(T T Cr CT O T d OO O CO I T O T T M T L T T T T OM G (T T T T LI T
CL T T I I T T T O T T T T OO T T CT T T T T T2 O T CT (T T T T T T T T (T T
(T COCT) (T OO (TR OO e G OO T T T T O S (0 O (8 I T
(O (I A ) I OO Cd G L0 (de CT0 T 0 1 dirdro
CITTIAIIITTTTTOn the other hand, Machakos County is a semi-arid zone (AEZ 1V) that lies at an

elevation of between 1000- 1600 meters above sea level with an average temperature of 25 ] and
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annual average rainfall of 600mm (FAO, 1996). The soils in Machakos County [t [T T
Crrd e d (O LT (e d (e CIO T T LI I T IO IO A detailed soil analysis of

the two study sites is presented below (Table 3). Meru County is currently the leading producer of

banana fruits in Kenya (HCD, 2018) while Machakos county is located in a dry region where banana

production is practiced on a limited scale. ‘Grand nain’ [TTd [T (O (T COT LTI
d (O COO T T C Tl Cd (O CO T T CIA DT I (OO i I (0 G CT T )

1d T3 (T T ) O O T T T T LI T LTI T T T T CT T I LTI O e[

(O I T T drrird d (00 (I Cd 00 (0
(T O G I (G Chel T CT0 OO (O 10 OO0 O O 00 O (OO IO IO C1T
(O G 0T G OO O CO e CO T C T 3 Ol CET A IO CE O T (10
(I drird d d T TIO T TIIT TIr dd dr
(MrO IO OO O T O G (0 CT T CIO T T T CHT e (0l (O e T d dr
(0 CC T I CTO T CTAT T (O O G COOT e CT IO T (T e (e 1T (O CO G 0
CT LT (T e O 0 e IO T e d ) (IO 0 farmers” field CIOCd T Tdl

IO LI k10 The experiment were conducted in two successive seasons, July to

November 2016 and January to April 2017.[11

Table 3: Soil analysis results for the two study sites (AEZ 11 and AEZ V)

Soil parameters AEZ |1 AEZ IV
LTI T O O [T ] OTd I O
o 611 61160
O] (1 (7T (]

O AT 20 (IO T
OO 3 (0 (0T 22060 (T
Clr CET T e (AT (0 20 (IO T
MU (T (1201 20011

[

3.3.2. Experimental designs and treatments

(3 (0 (I (T CTONTd (100 0 d CT e (T (0 (O T T ITT CTO O T CT e (T [T T
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3.3.3 Sample preparation
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Pre harvest spray Post harvest dip Pre harvest spray Post harvest dip

30 days (2%, 3%, Plain
water)

30 +15 days (2%, 3%,
Plain water)

2% (5 minutes, 2.5
minutes)

30 days (2%, 3%, Plain 2% (5 minutes, 2.5
water) minutes)
3% (5 minutes, 2.5
30 +15 days (2%, 3%, minutes) i)
Plain water)
ll

Figure 4: 01 O G COTCOCIO T (0 CO T LT T e e (T I IO (0 (1
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3.3.4 Evaluation of Physical and Physiological Attributes

3.3.4.1. Number of days to fruit harvesting

([ r T LTI CT T IO T (T [T d i 'y rid 'y

LT AT 1T dird il d[Ti r(2 11 i T LTI T IO T T[]
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(0 (O CE T Il (T r[ 11 T TTTIIT6d r (LI dlirr)
(T rd (TN G (e ed Cd O0Cd OO (O T T T (e O T T (D

3.3.4.2. Shelf-life
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3.3.4.3. Rate of respiration and ethylene production
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3.3.4.4. Percentage weight loss (PWL)

OO T T O I T I G Ol 1 (10 O (0 (e 10 O e COTnd (T (1
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3.3.4.5. Peel and pulp firmness
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3.3.4.6. Peel Color
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3.3.5 Statistical analyses
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using Fisher’s protected test. [
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3.4 Results

3.4.1 Days to fruit harvesting and shelf life
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dTr (T OO T Tr T d T Cr[Ichanges in peel color were more drastic in ‘sweet banana’ variety as

compared to ‘Grand nain’ in both AEZs. [
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Control

Figure 5:Progression of ripening in ‘sweet banana’ fruits sprayed with hexanal (2 [ [T d [0 [T
(T T (TG (0 OO T 76 (@ CO I T OO CCT I T (O e (d (] Cd e d Gl
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OooOooogo

34



Initial day 9 days

2% -30 days

2% -30+15 days

3% -30 days

3% -30 +15 days

Control

Figure 6:Progression of ripening in ‘Grand nain’ banana fruits sprayed with T TTTTTTR [T [T I [T
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Figure 7:[Progression of ripening in ‘sweet banana’ fruits post [T [ TTd [T T IT T T T TR (T [
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9 Days 15 Days 21 Days
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Figure 8: Progression of ripening in ‘Grand nain’ banana fruits postTT+[ [ TTdTTTE T 1Td
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3.4.3. Respiration rates
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3.4.4. Cumulative weight loss (%)
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cumulative weight loss of ‘Grand nain’ fruits from AEZ IV (Machakos County) and AEZ II (Meru
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3.4.5. Peel firmness
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AEZ IV- Dip 'Grand nain' (A)
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3.4.6. Pulp firmness
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Table 7 (OO IO (OO (O O (O (OO (O OO T I 60 (L
‘Grand nain’ fruits from AEZ IV (Machakos County) and AEZ II (Meru County).

DAYS Postharvest Dip Preharvest spray
Zone IV 2%-A 2%-B 3%-A 3%-B Ctrl 2%-S 2%-D 3%-S 3%-D Ctrl
0 20000 200000 200000 20000 200000 (6600 [TII0 610 6O (6]
3 (1500 (0 [0 (00600 (6Md0 (R0 (T [0 (O (0L
6 (b2d0 [6IIT] [SIdD [ [ é6mdr  [II15d0 D CO0dd 2mdO
9 (R3] (6T IO [(err) i ol codo smdo cmdo o
12 6m LSMIdO M6 remr) OO O0m 200 QW 2200
15 (71607 (L0060 rpmdo Com - mn m
18 (500 LS00 60 (6 - - 0 - - 0
21  mmm SmD Omo e U . n . . n
24 i Omm 00 (qmm [ [ i [ [ I
Zonell il il 1 il I il I I i
0 20000 200000 200000 20000 20000 60 BIID [BITD KO0 [
3 20000 20000 200 200200 e e et e[ SR20H0 [(11601]
6 (L1200 20020 (OO R0 Courr Crm CEery Cemer) Cedre ciod o)
9 (0 (0 [0 (0600 (2200 2000 2000 2000 000 [0
12 (LI CeMMir) [2m sy fmery oy 20y detm 20 M
15 300 OO0 OO0 OO0 200m o rmm U I8 g
18 Omm 2600 OO0 200 - - . - - 0
21 OMD 2200 O00 2000 O - - - - 0
o4 —— wm O 0 0 0 0 .
Mean 12.7 12.8 12.7 13 12.5 8.0 9.2 9.5 8.9 7.6
OO0 CIm 30 g 0 0 0 0 0 0 0
OO0 T M0 g 0 0 0 0 0 0 0
OO0 LMD M0 g 0 0 0 0 0 0 0
DOUIEOIMOD. O 0 0 0 0 0 0 0
Omood M50 [ m m m m

U (el (071 (s (T T IT (C0) ([ P (IS (I (]

(T [T T (OO0 (1 T T T OO T T T (OIS (D M T (T (2 B3 (0 (T I T

(T (T 03 (00 [T O T d (175 [d (T (T CD 00D a0 O e 0D (O 0
0 (3 (TN I Cd O T T T (T G CTO O T T I Cd T I

U

U

]
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Table 8: IO IO (T TI0d (T d O O T C O O L O T LTI 0] CT LI
‘Sweet banana’ fruits from AEZ IV (Machakos County) and AEZ II (Meru County).

DAYS Postharvest Dip Preharvest spray
ZonelV 2%-A 2%-B 3%-A 3%-B Ctrl 2%-S 2%-D 3%-S 3%-D Ctrl
0 R0 R0 R0 ROTD (RO 200000 (R0 2000 0800 20000
3 201200 2001 2500 26Md0 [(AMI1] (R [0 (SO0 [0 I
6 200001 2216d00 2012d0) 2200000 COrm) e6Mdl OO (15d0 O Codo
9 G500 i 6D (6201 206011 2000 [I6d0  [I300  (5d0
12 220 2 2200 OO0 OO0 O00 200 O00 2680 0
15 (I oo 00D 200 o M M M B B
18 6 - 20 o n n n [ [
Zone Il (1] [ [ [ [ [ [ [ [ [
0 IR0 2000 OR0O 0RO 0RO 20000 600 1600 [0 20011
3 2000 CHE 2001 CEE 2500 (660 (L) (T80 200200 CII

6 2015d0) 2000011 2500 2006011 220d0 0500 mdd 5600 2000 (mdo
9 600 (200 OO0 (2600 (00 0600 (200 (200 S5m0 Cdd
12 2000 SO0 OO0 OO 0600 OO0 OO0 0600 220

15 (M1 [0 o 200w

] ] ] ] ] U]

18 e - Omm . . . - -
Mean 14.8 14.6 154 15.7 13.3 10.6 134 11.7 14.2 9.9
00 T Om  p 0 0 0 0 0 0 0
OO0 L 20 g 0 0 0 0 0 0 0
BRI Om n 0 0 0 0 n n
DOOMHOIDIEMOD 0 0 0 0 0 0 0 0
Omoo [ O il I I m
)LL) Cd (I (0 + OO0 (I I CIOC T [ [T P (OIS L0 I (1T LI0 (0
(TN [0 AT (OO T 1 T I (T O OO IO (OIS (I O IO CT IO (2 (3 (0 (O T I T T
(T (LI 05 [0 (O O (LTI A5 [ LTI T I I T L L0 T ]
O (OO I Cd CIO T T T IO o d (O Cr CIOT O IO T IO 0y Cd T T
[]
[]
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3.4.7. Peel color

OO T OO O OO O Tt (o (O O Gl COT T T CI e (T Tl OO T () (10
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(14 (15 (d CCTIIAT T CIAT COTTd (a0 e (e (S (0 (A Al A T T I I T T O

O G (00 (3 OO COMTTO AT CT T (8 COT T (1 e O T T T (T (T T
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(0 (0 CI0 (1 CO T o O (100 (02 I T O VA I (M G I 6 O
d CT LI (0d CTITS (I B O (T OO CIOT T I T T C dUE T O T (O T AT
(80 (d (116 (6 (12 OO (1O T CIOIR ) OV e (VA G (0 (O T I (10 (T T
(I CO T I T T2 O (0 (00 O (0 G OO T IO T 0T O T TR ) (T 0
l rid d (jp (IS (AT T [ T3 [T TTGrand nain’ [ T T
( CTOO L CT T (I ] O T T L LT LTI OO (O I LTI L (T rld rLIITd 0
Mx[1T] o (T T T ) Cd CO T T T I r drrm
(M CT IO T (I Td mrd d M T d T d (D COTOIT Ty CTE T T IO T T TOT T 6T
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Table O: [T LI0 eI Ind i d (Lt iy r
of ‘Grand nain’ fruits from AEZ IV M T T IDCTTIITd D0 OOMIIM G CI LI

DAYS Postharvest Dip Preharvest spray
ZonelV 2%-A 2%-B 3%-A 3%-B Ctrl 2%-S 2%-D 3%-S 3%-D Ctrl
0 [ROOT RO RO [RO0D CRO0T 0S50 60T (OO (OO0 [T
3 (L6 OO (LM (OO0 (OS5I OISO (T30 CIR2MIT [I115d0 [(md0]
6 mdc O TOmD (05R00 T [0 (5600 (N 600 [T
9 (T112dC 5Md0 CITIOdl rser) CECOEE S oy CEED 20 (i
12 [T16dC (T26500 (M0 [rmdd (SO0 (00 (g (R0 I
15 [R50 OO0 oo omm Emmnal mninnie
18 M3 OO0 OO0 R o N . 0 O .
21 o OImm RO 2mm - & [ . O 0 .
24 i bW [ (T [ il i il il i
Zonell [ [ [ [ [ [ [ [ [ [
0 [ROOT (20000 (RO [(RO0D [(RO0L (ISR (LML CI6MIT (LM [T
3 [TTRC (TR0 (600 (TH600L (L6000 [T6MIT [T (I (L6 (I
6 [TH6T [TTI200T [(TI1200 [T THmdl TR2MIT TSI (TH0dE I (11200
9 [22d0 AT SO 60D IR0 REd0 (Md0 GO0 COID (L0
12 (Cmdr (O o (OOnd0 (T80 (00 (6200 (TR0 (I [y
15 [ROD 600 2600 160 I - o M T
18 (1160 (SO CmD  [1600 - - . - . N
21 [ID IOD RO omm U . . . - 3
24 e OB [ O 0 O 0 .
Mean 1045 1069 106.2 106.8 104.8 97.2 97.6 98.3 97.0 92.6
ERREINEE (I 0 0 0 0 0 0 0 0
(I (M I (1 0 0 0 0 0 0 0 0
000 o 16 0 O 0 0 0 0 0 0
OO0 OIDCOCMOD . 2000 . . . . . .
D00 [m miiln m m m m il
O CI IO Cl (0T T (I OO0 (OO I (IO (i (T P [T (0 LTI (LTI (]

(T [T T (OO (1 T T I A T T (0TS (D M T (T (2 B3 0 (T I T
LI (50 rd r dimsid rLI0T WL (I (T HN
O (e (TN I Cd IO T T T T d MO G CTOT I T T T e Cd T 1]
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Table 10: [TMTTITIITLTTIOI T (T IT0A dilr r r Tl
changes of ‘Sweet banana’ fruits from AEZ IV (Machakos County) and AEZ II (Meru County). [

DAYS Postharvest Dip Preharvest spray
Zone IV 2%-A 2%0-B 3%-A 3%-B Ctrl 2%-S 2%-D 3%-S 3%-D Ctrl
0 [(RUI6L1  [R2OI6CT [RLI6L1] [20016[1 21601 11 Ir CCCID) Lrrmrr
3 (L6611 [LLIOE LM COLIOED (IO T (12600 Crrmdl (Irmdr (remdr (51501
6 (IT1rd0 COOISCE 6mrdr OO (o] (20600 (O (OO0 COI CEI0
9 (I e OOS00 0200 [0 (OR200 0D (RO 600D
12 I om0 O (T (I3 [
15 (T (1[50 IO 50 M M M M M
18 g - ROTD [ [ n [ [
Zonell (1 [ [ [ [ [ [ [ [ [
0 (212001 [T (RO [RO20C (RO020C OTOMC (OB [(TTI50C [T (T2
3 TR0 OI60C O O (OO OO (OO (OO (IR (AR
6 (ISR20dD 660 [I5Mmdl L6 Trimdr (rIrdr (1600 [T Crmdo
9 (bR2D (I2IdC A C0dr e OO0 (6 (AW [ LI
12 D Om0 260 OO000 (0300 B0 GO0 0500 I [
15 D M0 o GO M M M r r
18 mem U 2RO o 0 0 . . a
Mean 105.2 104.1 105.6 104.2 1014 97 100.1 974 99.1 92.6
E RNl SE o 0 0 0 0 0 0 O O
EEEENIY 0 0 0 0 0 0 0 0 0
OO CIIM IR E 0 0 0 0 0 0 0 0
OO0 HIDEOEMU AT 0 0 0 0 0 0 0 0
0mod IO [ m m m i i

U Cd [T 1d (T (T T () (1 [T (OO TN T T T (TS () (I

(T [T T (OO (1 T T P (I O T T (0TS (D M T (T (2 B3 (0 (T I T

(T (T 03 (000 [0 O T O dTIB [d T T T[T O T T T O CT T CEIT )
(0 G (TN 0 Cd CI T I A0 O G CO I O Tl CT T

]

55




[
[

3.5. Discussion

O OO O O (T T AT A C I T AT T (T I
T (I LTI T T T T T T T T LT dm IT et al 1)

2 (OO T OO (T T CO T T T T e T O I O T O T T T O T T T T I T d O

(A T CT T T T T CT A A CT T C T T (O (T

M Tet al M2 16/ (I Tet al., (2 COT T C0 T O CI0 I T COTO AT Ted CT IO LTI

(LTI T T ) CIC T LI T C O T T IO T TCT TIOT T IO (0 (T O CIIT e T Ted (O
(IO IO (OO T T O (O (e ) CO OO LTI e IO Cd LT 0 d e fd (O LTI 1
(O T T AT T (T CI CO e OO T T T I T (T d (T
Clr LU (O o IO T [T [T Grand nain” (M0 T LTI CC My Cd CETd T Cre [0 0T
d (O (T OO COOT CET TN G CIOTT I T TOT T OO CO T ONA T T IO (T T T (I

U

O OO 0 O CO G COC o CI0m (O Tl COTd 0 Ol COT T O (I T T )
d (IO (G CTOM S CAT T IO [T d COrnid (12 (@ CCITT COmmd 0 OO EC T
[19Grand nain’ [T [T CTrCd NI 2 (A CTTTII Ssweet banana’ [ (TTCII T CTT CICICII0 0 LI
d (O CT T OO0 CT IO 100 CTOTd CII I d I 1d e d (I T d M O (T
(I I T CEd (TG rand nain (e LT Gt CETTT IO LTI T T T T T (T mean annual

temperature ranging between 18°C and 21°C while AEZ IV is relatively hot with a mean annual
temperature of 30°C. Hexanal treatment coupled with the ¢ [T T [T (T LTI DT T Td T T d
(OO T (00 (O T T T T CT O T 0T (1

O Trrdid d [T P— [T 1d COTO I T (T T T d r d

T CTIOT T T T CT T (T ed (T T CT T T8t @l M2 (16 (I T T C0d (0 CTO T (T I T

OO0 0 md o CO I T T O O O IO T T d d[ e[ T

(T (T AT TIII (0 eI (0 (T CTT T (T I O O (0 (O T T
(T [ (I | O T CTT0 (T2 (1 O T CO Tl OO T T d O T CTAT T g (T (Tl O
(T (Tl OO I T O CTOO CTO Ll (T (I COIO I O CT T et al., 2 T6 O
(T T (0 fd (T e (0 CT T OO T 3 T T2 (0 C T C OO T T I (T

(Il COTTO e CT T IO T T O I T T I ) i 1) O CIO (O T I
(T d Cd 0 G CTIT T T d T
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Cr (T T CTT T (T CO e O T e CC T T O T T T T Tl
(T AT T T T (O T e ETCTT T (1 G G O (0 T (1
(LTI (0 (O s Cod Cod COTI O OO LI O C1et all., (2 COCTIm C COCII T COO T I (0 O
r LTI Cr d(m & (I 1T (I (O LTI 010 (et all., 2 OO
(O COTT T CTATT T T CO G OO O T (I T (T CTC T 0 A i d s O
d (T CT S T T C T O T T T (T (70 CAMI T T G (T T (T

(O (I IO IO OO T T G O OO TTet al (2 O T T T (O CTOOO T L

T T I T T O Cdl CE T O COTI T d e OO (O (1 CI o (LT

(LT O T CO OO T 0 C T D (T IO T (T T CTet al. (2 (T O
(i CTI T T C e CTI ) OO0 B OO T CO A T CT T OO T
r [ T T COO T T T T CE T COI I O IO (0 G (Tl (o Cd I 1)
(e [T O (OO (T (I (T LTI

O O CT T O T T T CTa 06 (d CTT T I CETd AT O (T S 0 T d O
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r (T rd (O T T T T T T D IO IO IO T T T T I AT T T T T O T T 1]
Cd (0 CT T T IO T d T T T [T T T (T (I LI T
M O G (O O T TS (10 ACr [T [T CETO I IO T T T

(I Cl LT T T T T T I T OO COTI T T ) (T C (T2 (5 (1) T LTI T T T

CTMO T T T T (O T CI T C I (T O COT T T T (T T C T (T il rd O

(I IET6 [d T Grand nain” [ (T CTrld d6/d[T1Tin ‘sweet banana’ fruits from

(T [ d (0 OO0 (Ed (0 O (0 OO0 OO COC O O T T T T T (T el Tdl]
C (O OO T T CO T T LTI i CE T T e LT T (OO G OO T T IO T T
CETT T T O T T r T T (I L1 PO (OO T IO T I rd O

(T T T T T T T CT T (0 T G CI O ) (1o Cd O
I T C T (O (T B (T G CO T T T Cd COT Tl G (O IO T (Tl (T T
i d[Tr d (T CO T T OO T Tl (T T O IO O IO T CT e (T T (10

(M CETTETIT A LI T T T LTI T T T T 1O (T (0 CIOO Tl T T T T T (I (O T
I (T (O LI T T O (I (OO T LI (I I T Tet al., 2T T d€“Grand nain’ [TTTT1T]
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O T T O OO ) O O T T T COT o OO CI T (I
r L CTTOTT T T IO T OO (O O T (O IO I O T Cd CT T T T e (T d O

(I CTOO T OO e CO T e (T T CTO I T T T T et al. (20T T
O (0 (T T T CTT T Cd T (T i O Tl CT T T d [d CIT T (T (11T (T
(T d CE T AT T T T Ty (T d MTet al M2 CT T e [T T

dllIT1 T (I T T T IO T T IO T ) (T T
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[ 1 AU IO T T Iy [T e d[r]
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(0 CT T T CO T T (O T Cd O dirr d CTI0 Cd (T T
([T e I i d Al CT T T IO T T T T T 1 T i CT T T (Il (T

T LTI T CT T T T T2 T T T I el T T CT T T T 1T CIOT T T T T T

(IO CHTE T (T O Cd OTd T T COO T e COTE O T C T T T

(OO (O T I (O OO d (O I T (O T T

Cir CIOOO IO T T T (1T [ O O Iy d AL T T e T d C T T
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(0 (IO IO A ) CTT (T O T T (1T COT ) OO (TS O (O T (T Cl (I 1) (0
(TGS M CIOTd CET T (Od 112 CTIETd CII T d O I T T T T O (e CTOm T T d (T
(I (7 (O CO T 7 OO0 I O CO OO0 (10 G OO CT T T T (7 (T T
Crrd et al 2 OO (O COTT I 0] COTITd Cr [T Ty d (O T T T L
(T CO T COTIA ) C) O OO O T T OO COI T 00 (T (T
(M OOCd O T OO O IO T T Tét al T2 OO0 (i COT T O (OO 000 G (el O
] 2 (O] CIO ) Gl COO T T I LT e (T LTI LT T (T LI LTI
mrrrd drr d (T3 O CIT T COT T CIO ) OO ) CE T T T T T I
O (I el d (T OO IO T T T o CO T I T T (T () G (T
COT T T Cd COm e d W O s OO O T T TR (T CTOOTD (0 OO T T e T (T O
(I T T LI T T Td MiGrand nain (T CITITTTd G (00 IO T (T T d AT T CId (T (i)
(L CIrld flL1d (T Tl (T (OO (O LT T tet al,, 2 OO Oy [ 00
O Tet al. (2 COTTIm T (7 (O (O (O T C IO T T (L OO LT I (T I d
(LI (LTI O d O CT 0 (O T e O (T2 Ol CT I () (o Cl (I T
(T T (8 CTO e CTII (T (OO0 (O [d 00 OO0 [ O (O (T Cd [ e ) (IO T O

(T [0 (I (0 OO e Td [ T T COTD O T (T 0 D) (T T (O d WO

d [ C T O I T T T T T I I T e (d o LT LI T T e LE T T

et al AT T (0 OO T T C IO T etal.[(RI6MMI I Trd
(T TR LA LT T e (T T d d G (O T Id e T (o CIOT I 0T T (IO T e (L (0 (O ¢ (I
difference was observed where ‘sweet banana’ I Td MO I0e O] (T LA T T°Grand nain’ (111

(T Cd CO I T d i d d (T (T CE T £
(T [T (T sweet banana’ variety T TR CT#Cd[TTTGrand nain’ r drim

‘sweet banana’ variety softened faster compared to ‘Grand nain’ irrespective of AEZ, treatment [Td [

O Cd OO OO T I I O O T Cd O (T A CE T O T d OO T Or0) G (T

differences between the two varieties with ‘sweet banana’ variety having [T T (T TTIT CTrCd (T

‘Grand nain’.[]
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CHTT T O T T T T T dl T (T[T Grand nain’
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CHAPTER 4
4.0 Effects of Hexanal Treatments on the Post-Harvest Quality Characteristics Banana
Fruits
4.1 Abstract

O O OO T T e C T (T OO T ) CTI T OO T CT 0 T T )
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CCd CTd OO OO T T T OO COT I O IO LTI I T T9Grand Nain®
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‘sweet banana’ having higher levels compared to*Grand nain’ fruits regardless [T T T T I (1T

(- (0 OO CE TGO CETIT e COT T T CIOCIS COII I T F0 (00 (00 (T (IO (T CT
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(0 (O T (I 1) (AT (0 (0 OO 0 COC T T AT (O T T 1 Ce (T 0 (T G O [d O
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4.1. Introduction

U (T (O CT0 CI T O (T OO T T (O[O T d (I T T
(Tl (T CIT0 G COTI TG CIITd G CT I CC T T (g I T G (T
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(T TTIId T TIT T T T IBefore the attainment of physiological maturity, the fruits don’t ripen fully and

rilr r 1 LTI C CTOC OO T T T dmrd eI [Td (10 I 1

d (T3 O3 OO CT T T CTT T T (T CT T (O C T 10 (I T (I (T T (T

(LTI T T T T (T rllt d
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4.2. Materials and methods

4.2.1. Fruit Samples

(i (I CTTC 0 (O T ) CI T IO T C G CO T e T C T (O T e O
(LTI T T d Cd MO O T T O (OO C O MO Cd [ TmO 0 O

(I [T r A [T T T T O T CO T CT T (I T T [dd T+ T T

dMt(d[TTe d i) CL T T T T T (T d(1l]

dIrd md (i Cd (T T r 2 CHO I I D T (IO I d
CTOIIT IO CTICATd [T T T d T T d [T T T T TT T TTThe experiments were conducted in two
successive seasons, July to November 2016 and January to April 2017. (Ut (T T LI IO I T

(1 [t dlelT] N (I (I CT T T T T ET I T (e rid d ey

(O [T (5 00 A (D CT T (T T T T (T Cel (i a G CT I O CTR T T T (T
r [0 (I (IR 5 (00r O 0l (00 (6 (06 O O C0 CIIB O (0 O id OO0 0 O O [T
Gt (T (T COI T (0 COT T CT T CI T Td Ce M (D OO d 10 Cd OO T I
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4.2.2. Measurement of biochemical attributes of banana

4.2.2.1. Total Soluble Solids (TSS/°Brix)

U d CIO T O TG O T (1 d O O (0l (i id dTd e TaCTI (I
MLAIB T d [T (5 (T CIIITS [ OO CIOOE IO T s OO GO0 [ (10
d [ COTO CO T OO COTE ) G (e OO C ) COC Il CO T (000 (T
1 (I (T CTT O (OO T (AT Ted C (O (e (G O (T d OO I T OO (T CT O
(e (T CTIOT T T (0 (T (T I (T e 0 CT T IO I T £ CT ] (700

% Brix in wet weight basis * 100)

% Brix (d ight basi =(
% Brix (dry weight basis) 100 — Moisture content

[

4.2.2.2. Total Titratable Acidity (TTA)

OO T Td (0 C1d O O 0 [ T (1 1S e (0 CIEI G IO T (O (O (i [1rd O
d [T (110 [T2 (10 [0d (e (0 (I CO0 LD (OO0 (O T e (I CI T (0 O (0 00
2 (0 dr CT T T T T OTe T (0l (O e (0 (O (0Cd (00 (0 e (T T CO OO0 T
(Tl O (O 0T TG () 170 (T ed C (T d T t (I (I (LT (I
(TTd (M Cd OO0 T CET T T O T T T T CTO T T T ed (O OO T (O OO CO T T T T T T T T

0 g tOd T d T T (T d [T dr (17T ril i
[

TTA (d i aht basis) (TTA value in wet weight basis * 100)
(dry weight basis) = 100 — Moisture content
4.2.2.3. Ascorbic acid content

O T 3 (I Id (A T 0 A C T O i (I d [T T d (T TITMUCT T Tet

al. T2 (12 [0 [T Cd O T CT T8 IO CII CO I 6 T M e (0 (I 00 0
CITTT T3 (I e e OO d Crd CIO I (OO IO O] CO) Cl CTTIT2 O O I T rd ol
(M (T 0 (O (0 ([T CTATIT T CT T CII: Cel (- (d (e (0 [T T 0
(OO (0 COT T T e (1 d A C T dr 5 (T [T CIn T CITOE ) T G I T

(T T OO0 D I Cd CTIO A0 O Cd OO G C CCA T (T (12 1
IO (T (T C F CTI I CTO I AT I OO0 0 O I Od 0
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O G (O T COO IO 5 CII I d (O CGrd O G OO0 T C (TR CIOT T8 CIO e d (T O
Crd OO IO d (T (1 t (I (0 (O (O T CTO T (T
O OO0 O I OO CT O 0 Cd (0 O 00 000 O IO 0 CETO T 0 COO ) (0 (1T
CICT T (T (T2 00 O ) eI [0 CCCI T IR 66 [T IO I IO T (T I d O
O COOEIITT e [T O O O 6 I CIed [0 C o CIOed Grd T (T e CO O COT (OO d O
O OO AT C T CT T Cd (00 OO0 (0 (e Gk O 1T

Ascorbic acid,( mg ) = (

Peak area from graphS) ( Dilution volume ) ( 100 )
* *
100ml

y Sample weight (g) 1000

O (o CI 00 CI T OO T I T T | (T 1) d Crd O COI T COT CT T O Tl1]
(100 0 O M6 MO T CTI G T I e (T CI T T
OO e md MEd (M LU d (T dre 1T mi

Ascorbic acid value in wet weight basis * 100)

Ascorbic acid (dry weight basis) = ( 100 — Moisture content

[] 0

4.2.2.4. Determination of simple sugars (Glucose, fructose and Sucrose) contents

O AT T T () G CO e CT T O 0 O E 6 O I 00 C1 o CT ) O A T T
(I COIA ) CIId Cel (M (006 O [ Cel 0 OO0 C0d O I [ O I O
(T (T (G M T CT T (O T O CITO T O (TR O O (0 CT CETT0TE (T
O d 3 0 (6 O T T T CT O T (T T T tCI7d (I (LT8O
50 OIS O O AT CO T T Tl d 0l (Tl T (T CTIT: Cd OIS OMmoCT T 0 COT T 0
O G COCCI Tl O O O T O CTT O T d O (0 O OO T 00D OO0 000 Cd A0 0 2 OO0 O
(OO £ (0 G T (T T AT (0 AT T COII T d (1 Td CTTTTT 0 (0 (Ol T d G (T
(IO (T (O T (1 T OO () (@IS OO (0 O ) (IR O
O I O (TS [T T COT TR (T CIT (TS (228 OO T O COT T I T
(T (T T CTOTT T T (e CT T G CId CT T (d (T T8 Ird (d CTIT T T T OO T d O
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COM 0T A Ged CIT0 (1 CET0) CE T d O CO T T T A d Ged OO0 COC T (T
(O CETTT EI ) G C T CIT AT T T T I AT T T T (D

Amount of Carbohydrate present in sample (% mg)

_ Sugar value from graph (mg) _ Total volume of extract (ml)

X1
Aliquot sample used Weight of sample (mg or ml) 00

OO T d CTT T 0 CO T T (e CT O T T C10
tJ

. . Sugar value in wet weight basis » 100
Sugar value (dry weight basis) = ( 100 — Moisture content )

4.2.2.5. Sensory quality evaluation

O CIT T T T (T 0 C Chd CO T T T T T T T 06 (Il (T T T (T T T T T T T
(Lt (OO C T CT IO O CI O (0 (T 16 (O rd COC O O T d Ced (O I T T T
(T CTTID TRl TR CTD (G (I (O (0 C T O e (1 (0 (d (e [T (T COT T
mrd d A0 COd OO G COT ) G OOl (T CI I (O G

did d ol [11] OO d OO I T CO T O (O T 6 O
(I d md (e (O O ) (T CI T t [T T d CTrIdrd i
(M T (T T d O r r[ T CTITTIT T C (e I T (0 ) OO T C10

(OO T (0 T T T COO T T T DT IO T TOIO T £ ([ AT T IO T IO T
(Td CT T (T CTORd (O G IR (00 (OO0 Cd G COT O IO O T (OO T [ O T
(T Cd G CIO I 08 OO OO0 O COTOO T COr CTT0d (i OO (0 (IO 1 et al, (CTCm
(T (OO (00 6 O T

4.2.3. Statistical analyses

O IO T (0 COA T CI T A (0 O O O O A0 O T o

(ITr B (IO CTT COT0 G CIT T CTTd O O IO O T (0 (OO0 (P I .05 using
Cisher’s protected test. [T TTTT T TTT T T T IIATIOIT T CIATTY d (T T OO OO
(I (T2 C1T0
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4.3. Results

4.3.1. Total soluble solids (°Brix)
(I I OO O T CE e (T Cd CTI T (s (O T O e T 3 (O 5 (Il (06 LI

(o (T O Om O (T D00 Cd OO i O d OO0 OO, 000 O OO 00000 010
{ [T (OIS O T T Cl CI T A T T O T T T T 00 (O O
(5 () O COT o CE T CO T CE OO e COTO A COO T O CETI T O ) Cd COT I T

(0 (T Gl (T T A C10 CO (O TR 11 (d O O A T T e
(I T I T dimr dR2Mrr d P (0TS O T T L]

TSS levels. Overall, ‘sweet banana’ had higher TSS levels compared to ‘Grand nain’ fruits in both

O Cd COMT I T T T [0 OO

[T Tharvest dip mode of application (season 1), TSS levels in ‘Grand nain’ fruits increased from

6 (F0r (T M6 150 MO T e (0 2 (15 [ I O (I OO0 [Mrd [ 000
(T CO T T T T (O T (TS COm O O (O I D OO0 OO (T T d O d 0]
el LTI I C e CA T (T d (T T d T T I Grand nain’ dip treated fruits, TSS
(I CI e CO T T CIm (T2 (15 C O (I (2 (12 (e (0D OO T (00 OO (OO T (T

later compared to the untreated fruits. A similar trend was observed in ‘sweet banana’ dip treated

(R T (T MO OO I L9 O 2 (12 (0 (I OO 0d [0 OO MO I I

end stage (day 18), which occurred 6 days earlier than in dip treated ‘Grand nain’ fruits. [

(IO I CTT G O el C I O O O T (60T Td OO T 1)
(TR 22 1 Brix in ‘Grand nain’ spray treated fruits in AEZ IV and AEZ II, respectively at the
(LA T I T T e FA LT CE T (T CO T T T I T (T Td T T TTharvest. In the ‘sweet banana’
(B OO (O M1 (T TS S (O (T (I T T T I T3 (T (T d O
(A 16 (TN CT T d M G I LTI T I CT e (T Cd (T T T T d (T
(I (T T AT Ol (O CE I OO (O T d OO e (O CI D I T T

i

2 (I [T COd (0 IR CIII e (0 (02 (0 (0l M0 (O s OO I OO0 a0
O OO (1 Ce [TIT26 (6 (T (ITITd (25 T2 (0 (d [0 (T8 DO (TS (0 T T
‘sweet banana’, sprayed fruits attained almost the same T I 1021 HI (T ) (1 Cd (T

(T CT T CAM T T T e B (0 OO0 CT T (T T
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4.3.2. Total titratable acidity (TTA)

OIS CI T T O OO (0 Cd C AT A e (T T 0 T (O T T T T

(D OO d T i (O (I (T T (T LT LI
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[ COTCEICr (O (T @l (0 AT LI 000 (T L (O T IO (I (1 Ce I I LI
[T COe (O (O I T d(1T). ‘Sweet banana’ had high TTJ[TIITIIT]

compared to the ‘Grand nain’ variety in both AEZs and seasons. [
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2 () [ (T (OO CO T T COT T e C (0T T () C1 o Cd (OO IO I O (T
I {01 O N T o o A s {1 dr]
COTT T T OIS (IO 0O IR (T () (T (O (T I0d (T TS CI T T 12
(0 (0 (R OO T AT CO T C e (T Cd CO T OO T 0 00 Cd CI

application, TTA levels in the untreated ‘sweet banana’ fruits (Machakos county) increased

dr BT I T CId CTTIT T T T T d r HEINRE
(M C CO T C A T O T T T T r d [T (T I (O o (RIRAIN
(T CIT I CTTIT2 ()
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4.3.3. Ascorbic acid (vitamin C)
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4.3.4. Changes in simple Sugars

4.3.4.1. Fructose
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4.3.4.3. Sucrose
OO O OO T Com T T d CETA T T LI T C T T I O ) e Cd CIO i IO (T T T T

(T (OO CT O T T O (0 C CO T e T T (1 CO e (O O I e (T T I I

rid I (0 Cd COTOO T IO I T 1) (O d (O (OO O T T T T (T T e (L]
CIIT T T T IS O IO CT O T CT e C O C T CCTD CETI ) (e (O T T
(0 (G I ) C1 Cd (T T T T CIT O CT A 1) OO (T (O Cd I T T
COT T d 00 OO (d T T T O O T T T T IO T (IO LI T dd T[]
[ p IS Cd (I (O T CT T I AL T T (2 (D (rd
(] [

In the untreated ‘sweet banana’ fruits (pos [ [T eI CETIIT ¢ T T IO  CET T [T 1) [T
(1121611 d (02 (0 COOC LTI T T T2 C6 (0 d2111 d

(I T T OO ed (0 OO T IO T O ) (OO O O T IO e LTI it (10 LT
[T1TTdto 150 mg/100g (day 3) and 161mg/100g (day 6) in ‘sweet banana’ fruits from AEZ IV and
O OO (O T I CT I T O T T T TG O CTOm0 CO e (1T d (1
(T T TTTT COTIT CII T 2 016 [ CII I OO O T OO T I TIOd COTS O (T

(T T IOT I C T (0 Cd T T 12 O [ T
[

T M T (e LT the ‘Grand nain’ variety which had sucrose levels increasing to a peak

(T T C1 Cd CT T CTTI T TIOTd AI CT O CI T CI IO (T r

(T (T [T (TR (T CTO T IO ITT TOIO I IOTR 06 (2 0 CIIT T d CT IO T d (2 2 [T (I T
[drrims 1 (1108 (TR [T CIIII (T2 (0 (O [T (TR ) (I (T [ [0 (0
(T T (AT IO CIOD I d T2 CT0 CI T (266 00 COTT AT d O )
d (I (000 O Cd (I T T AT (0 [Cd O O T T T OO OO I O T (0

O o 0o o o o

82



[
[

Table 13A:(TIMCITI I T CI# COC0E T (1 COT e COI o O LTI O L T LTI L T (T
(LTI CITET T TGrand nain’ LT TG T (0O IO (M d M OOIM e

B[EEEI
M Cd OO IO T OO o CT T (T M IO T

O0000 00000 OOWID 200 [0 0 O00EOD 200 00

DO00mDC O Rmd0 Rmo Rmo Y omn OWo 620
N L] 2010md CLIOEE GO U (LIdo SOOI 60
M 60 (2011 260510 20011 N COLIITITY [T 16
o 252001 (IR200 COIOIOT B @iy OO T8 AT
o 20 200500 [ITI601 [(1120dr 2 55T (601501
o B0 2501000 25002000 2020010 2 g (D 2000
o OO 0 206200 2 Yo U U

. 20T . 202mm 222mmaT Yo U -

: 201 0 22000rdr [6015d0 - [ U U

O00OD N 0 0 OO n n

. N Rd0 R0 0RO Y oM 05d0 O
0 md0 MM bR Y omm Oomo Comm
0 6L (112017 62010 20201 U (I 600 11600
o Q0L (SN (IS Y (16500 [IRMID [I6RLLL
M 20 20012011 60T RO = 20010500 5@ 2000
0 50 2050 OO PO Y n (1200 IS0
M LI1] M (6L (rrRdi) Y M M M

0 2011 N OsmD 200 Y N 0 0

. 201 . 20712d0) 265111 - . 0

: Mean 146.0 1265  127.9 97.3 99.8 105.2

000 0 2500 il I i i

0 OrCIMIT 6o - . o . .

. 000 CHD 650 M = o - =

0 OO0 DO EM T ZEBD ] 0 00 0 O

00D M B0 il I [ il il

O COTC I Ol (T OO CT T (I (Tl [T (T T T T DTS (0 D (T
(. (O (o (T e r1d d[Mmir p LTS LI O (11T O M ) rd e
A (OO G CTAT T T I Cd (T T

83



[
[

Table 13B: [T IT LTI F d dilr iy r [t
[TTIITTTT g/100g) of “‘Sweet bananal” from AEZ IV (Machakos County [T d [T CICITITIM G CIT0 T T

MO D OO OO [ U G 3 M O

00000 DO0Od OO0 200 0o Y oomom 200 Mo

DO0IDE O 2016(11 201611 20600 = (2001 60d0 (I
o (TI15d0 C6MIL 2000 Y 0o 050D 601500
o6l (OO0 62000 (2600 Y [0 63 (L]
o [ 2001500 (I12d0 Crrmdo - U omomn e
0 20 22012017 2000 (ot Y U ommm omno

0 (501 0 200D 20y Y U O O
0 00 O 2000000 IR - 0 O O

DO0MD [ I I I i U I

. N OO0 oD oo Y oo Omdd 660
g (md0 (OO0 fOom Y eomn 50600 [mdO
o6l (260 (mm 2008 Y meamn  (5OS00 (LML
o 2060110 1600 200md0 Y o RO 600200
n 20 CLOm (rrecn 20520 YUY (LI (20500
0 O 0 20016011 (16501 Y U U

M (111 M (L6011 (155011 - M M B

Mean 1380 116.7 1184 98.7  89.2 89.5

- 000 0 20m - o - -

. (00 LM oo H . o . .

. 00 0 1] N O 0 O O O

0 OO0 OO IImOIM T [6@]] [] 0 0 0 0 0

00D ™ 200 m m i il il

O CITT M) C T T (T CT T (I (T (T CIT T T T TS 0 T (T
U ([T (IO ‘id dmr pOCmd o r disid
rIO0 U (11T Cmermmmnm ed domy rid

84



[
[

4.3.5. Sensory quality evaluation
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Figure 21:[Hedonic scores for sensory quality attributes of ‘Grand nain’ bananas harvested from
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Figure 22:MHedonic scores for sensory quality attributes of ‘sweet banana’ variety harvested from
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CHAPTER FIVE

5.0 The molecular basis of hexanal’s mode of action in preserving the post-harvest shelf life of

banana fruits

5.1 Abstract
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5.2 Introduction
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5.3. Materials and methods

5.3.1. Plant material and post-harvest treatment
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5.3.1. Analysis of physical and physiological parameters
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5.3.2. Extraction of total RNA
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5.3.3. Complementary DNA (cDNA) synthesis and quantitative PCR
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Table 14: Genes and gene specific primers used for g°PCR

[ .

Primer

name Sequences Gene
MaPG1(F) | DU0000000000000000000000Im O I CT T T (1
MaPG1(R) | OO0 0000000000000 00000 (I
MaPME (F) | DDO0O0000 0000000 000000000 CICT T CI T (O T T T T
MaPME (R) | DOOOC0 0000000000000 0000000 (I

MaXETL1(F) | 00000000000 000000000 000000 O O T C T T T

MaXETL1(R) | OO0 00 D000 D000 OO0 oo o0 oo (]

MaPL1(F) | OO O00000 00000000 0O0noon o OO T (T
MaPLL1(R) | OO 00000000 O H O H OO (]

MaACO(F) | D00 oo o0 oo on o0 OO0 Od T 10
MaACO(R) | OO0 O HE O (]
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5.3.4. Transcriptome analysis/ Next generation sequencing (NGS)
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5.3.5. Data analysis

5.3.5.1. Quantitative polymerase chain reaction (QPCR) analysis
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5.3.5.2. Next generation sequencing analysis/ Bioinformatics analysis
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5.4. Results

5.4.1. Changes in physical and physiological parameters

5.4.1.1. Rate of ethylene production
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5.4.1.2. Rate of Respiration
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5.4.1.3. Changes in peel firmness
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5.4.1.4. Changes in pulp firmness
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5.4.1.5. Changes in peel color
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5.4.2. Quantitative polymerase chain reaction (QPCR) and Transcriptome analysis

5.4.2.1. Quality Check of the extracted RNA
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5.4.2.2 Quantitative PCR Results

i.  Polygalacturonase gene (PG gene)
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ii. Pectate Lyase gene (PL gene)
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iii.  Pectin methylesterase gene (PME gene)
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iv.  Xyloglucan endotransglucosylase gene (XET gene)
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v. 1-Aminocyclopropane-1-Carboxylic Acid Oxidase gene (ACO gene)
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5.4.3. Next Generation sequencing / Transcriptome analysis

5.4.3.1. Quality control of the prepared libraries
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5.4.3.2.1 Differentially Expressed Genes (DEGSs) at day one of storage
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5.4.3.2.2 Differentially Expressed Genes (DEGSs) at day 4 of storage
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5.4.3.2.3 Differentially Expressed Genes (DEGs) at day 18 of storage
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Hexanal treated fruits day 18
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Ethylene treated fruits day 18
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5.4.3.2.4 Differentially Expressed Genes (DEGSs) at day 24 of storage in the Hexanal treated

fruits
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Hexanal treated fruits day 24
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5.5. Discussion
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CHAPTER SIX

6.0 GENERAL DISCUSSION, CONCLUSION AND RECOMMENDATIONS

6.1 General Discussion
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Appendix 3. ANOVA for peel color field[

Source of variation d.f. S.S. m.s. v.I. F pr.

(e LTI CTTT (1] SCr68601  [I20000T)  [CLIIs0 T
RN (1] SCOLIIITY  SCOLIIIT) 2060 I
RIS (1] (BOHMITY  [CBCHIITY SOOI LT
LT [1T] (IT2006001]  [TI2M11  Cms o DI
Ul LTI LT 00 (1] 2011601 SO 22011 L1651
Clr CTTT0 CTTIIT  (T T N 6211 1] (56[1] C15017 L1601
U OO [T (1] ST ST 2(1220 O]
Cie LTI LTI LT 6L C(IT5601) EERIIEN (1217 LT
OO0 (1] SCIETTIET] 6 1] 200060 DM
U] (g T T (1] 2611121 (261211  [2R26[1 [T
Cle LTI CT TN O G [T (1] 611601 (TIITT] L1661 (16221
Cle LTI CETI OO CEd [(1T] EERIIN 2611 1] (1] (T
Clr L0 (LTI (D (0 HEN (61611 5015501 200 e
O OO (T T (1] CITISET 55166 21T LI TT]
(e LTI T DO (O (T 2011 (125011 COMILT] (60 L6
OId C11m (BT EERNIEN 26611 M (I
Total 533 47965.63 il il 1]
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Appendix 4. ANOVA for ethylene production levels

Source of variation d.f. S.S. m.s. V.I. F pr.

O I fd 0 (1] (11217 (112611 110 OoITd
Cir (CTI10 (10 N (5Tl L6011 ERIN T
(1 (T (1] LI5C0] LIS 5601 LI
0ooo N (11501 CLISCEEr)  Crimel T
HINRRE 50 (I16E0 2611617 6L LT
O CCOI T 1 Cd CIT T (1] (62611 (6261111 SC6Mrr] LT
Cor CLITT T (T (1] (1560 ARSI (2] HIEEN
O L m cd mooo 1] HERIEN (IT1201T] SCEIITT LT
Cir (I (T 000 N BN 6120 61011 HIIEEN
(1 G I IO (1] (T6] (T6IITHO RO LT
O (I Cd O [ 00 (1] (11617 (116250 (21520 O]
Cir (I CITI S (D 000 N ERNIEE L6 ENIEN HIIEEN
O (I Cd OO OO (1T (1] L5 0 200061 L5 LTI
Clr LTI CT T (T CT LT HEN (2T (1125111 (11611 LTI
O O Cd O 0000 (10 50 e (1206201 26126[ HIIEEN
Che CTT CT T OO LT (IT] (11217 LTI LS T LT
(1 (D 0000 (110 50 L6l (1152 1] (520 ENINEN
M A 1 LT IO 1] (11217 (T2 117 (11650 LTI
Cr CIIT0 CITIT S (O OO 117 ERNIEE 2[1201] ENIEN HIIEEN
OId (1111 (I [ITI6erT] (1211T] il
Total 650 5159.97
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Appendix 5. ANOVA for respiration rate

Source of variation d.f. S.S. m.s. V.I. F pr.

O O cd [1] ST ST (L6501 LT
Lo (1T LTI [1] 221 206[050] 550020 HIINEN
[ G [T [1] 505251 508250 [I56[6011 [IMHIIT]
Qoda (1] [2015011] (2005000 2066500 CIOEEL
HIEEEN 50 (LITTIOE60)  CIII6601) 66102 [Tl
O COTOIIO T Cd I (I (1] LIITTT] LT T 1] L1601 LITE60]
Cr (I1m T[] mN EERIINEN EEIIEEN 201 OmI
O I Cd Om Oo0 (1] L1605 L1615(] LI LI
L (T LTI e [1] (T2 L] (s 2005000 HIEEN
(¢ w000 mN BN (ML) mien (12(11]
0 Cd LI (I D00 N EERIINEN (I 202000 O]
(i (T CETIT o O T T [1] SR 5601111 (2650 LT
O (0T Cd CI e O (0 (1] LIRS 200010200 6601601 LT
Clr (I (LTI T (0 NN 20010110 SO00I60 (2000 OmI
O LTI Cd O 0000 (0 50 262(16( 111 520101500  [LLI0C) GO
Cir (10 (T (110 (1] (LTI (66 2601 O]
(O (OO EE 50 [6[6[I501] (20 ce2 e
M Cd (I T OO M (00 (1 HN (1116611 (SOOI [ O
Cle (I (YT (O LI (T (1 201520111  62[I5[] EEIIEE OmIo
Od 1] 20 EEENINN L1550 [
CJCTII 6501] [B5[TBINI201
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Appendix 6. ANOVA for cumulative weight loss

Source of variation d.f. S.S. m.s. V.I. F pr.
\Y I« IRERERR IR [T LT LI E 2(00C [T
Cor [T LT [T SCBIIE 662[ CIOEE CIIelr
(O G [(TI0T] T RIS [T6L (T L
HEEN [T 201100 20000 SMPC  IIhC
M Cd (U T (T T (IR [O20LC 0L OO
Clr LTI LTI O [T CITISCE 22[001T (6T [I0CTr
M AT T T AT T [T L1600 (e 2(3CC  [OCTr
Or (0 (I 11 T (2 [T EEIN (0L [Is2C
(T [T T [T [T [T (L [Oerer
M Cd O T T (T LT T 2001 2001 CHrr el
Clr LI CETITF IO [T COLISIT ERNIEN (15C  [HTTEr
OId 11 (220 [IIIBRLE 61621 (I
Total 1259  45766.03 (1] il il

Appendix 7. ANOVA for peel firmness

Source of variation d.f. S.S. m.s. V.I. F pr.
O I 0 (1] (515250 [BLIBMITI [ITBHMITT I
Cle LTI CTTTIT (1] [R5620011 [6RL60O [T OO
HISune (1] (BSOIIE6T  [SS[IIr6) 1522601 I
NN N (1] (TOTTT] (IO TT] (15T (IO TT]
U S50 CITpm2n [IT5006601 [IHIIOITT LT
O (IO Cd C T ) (1] (R20IOTTT] [R20TATTT) 6[TI801] [T
(i (T T 3 (TITO) (1] [(H2[M2[1] L6 (IO T WA
O I fd O o000 (1] 261206 260120601 [12120] HIIEEN
Ui (T LTI 00 (1] CITI60T] ST 206011 RNIBIN
0 [ I OO0 (1] LI (LTI (IO HIIEEN
O OO Cd M M o000 [TTTI50T] (LTSI 56[611] LI T
Clr (I (I (010 OO0 1 RIIREN (TI75200 61601 NIEEN
O COII T Cd O M 10 50 255010 TT)  SCI186200 252060 [T
Clr (I (T O (T (117 (TT1I621] 200020  [(ROH OOdd
O T 0 Cd 0 0000 010 50 220131207 (I 2000 O
Ul LTI (LT OO0 L [1T] (T5550) (165517 (1160 HIIEEN
U I DO T 500 (166050 (6102011  [TI5CT] HIIEEN
M (Cd (I (T e T CET (1] [(T2R2011] [(ITI85001  SCI50] HIIEEN
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0

162

[
Cir (0 (I MMM OO0 OOm. - 010 205011 SISCIT] 21T T
OId 1 EEEN BINIIEEN 22017 0 [
Total 665 111816.33 [0 i (0
[
Appendix 8. ANOVA for pulp firmness
Source of variation d.f. m.s. v.r. F pr.
O CCIIII I Cd 0 (1 (IS0 OIS0 6151 LIl
Cir [T110 [0 N Mo 6D 20000 OO
U [ [T (1] L6 Lo L1260 (I
HIRNN 1] [SLIILT] [5IITT CIISET (Ir60
LI 50 (I2011200  [Ist260) S5m0 LI
O (OO D) Cd I (O 1] [116[1] (1161 SSIILT] HIINEN
O (TTID T[T (1 (5611 EEIIEE (D OO
O I Cd Om oo 1] ([T (LTI (21260 HIINEN
Cie (TTI0 (T T0M0 OO0 mN (1550 EEIIEE (1011 RINNEN
(L [T OO0 1] ST ST 1611 (IS L1
O Cd O M o000 0 (LT (TI01T] 6111 (0D
Ul (L0 (I (T T N 2631 20050 (1150 (106 (1)
O CTTOITO T Cd (T (T (00 £ 12010601 (55T 2060 LT
Ul LTI CT T T T T [1T] [TT1601] 2[I1TT] BANINN U T
O CTTIIOTOO T Cd T OO 0 50 SO [1T1I6[] 61T RINEEE
Ui LTI (T 00 LT [1T] [TTTI5(] (16! C1116[] U T
O [T OO C 50 [T606[] (T1201] (11650 (LT
M O D 000 00 000 [ 520101 1] (T2 0 120 RN
Ce (T (DT (T OO e e [62[65(] (1201 26011 (LT
OIId 11 [ITT] 65111 (1501 (I
O 652 5652111 [0
[



Appendix 9. ANOVA for peel color

Source of variation d.f. S.S. m.s. V.I. F pr.

O I CA T [ (L1201 20 0 Ol
Cir (1110 [T 110 [ EERRIN (111650  [BLL] HiNEE
U I (1] 550615610] 550605601 20010601 LT
Qoda (1] LIIII6[] LII1I6[] [11560] HIINEN
O 500 (I201H5(1) 20111 [OS5MI O]
0 Cd (I (I mN EEENIEN (LI 500 O
Cir (10 (T3 (T N BJRIIEN (61T 21 (M2 [1]
O I Cd O 000 (1] [TTTI50] EERNLIE C50IIT] O]
L CTIID LTI e [1] 2 (1T 201261 (IO L1160
([0 000 N (5L (51500 (6] O]
O LTI Cd (I A 000 mN (LI EEIIEE mien (L]
Cir (D (LTI 3 [T 000 mN EERIIEN (1120 (15011 (50
O CC T Cd C e (T 10 [1] 200160111 52181 201160 LT
(i (T CL T (O (T [LT] [(BLI1260] 115201 NN HIIEEN
O (I Cd M OO (10 50 SOOI [I5[50] ST LT
Clr (T (T OO0 e [IT] L1161 (2] (IO LI
(L (D OOIn 50 521111 LL11601] L6 LT
M Cd (I T DO M (00 (0 HN 6211111 (5 I NN O]
Cir (I (O (T 00 010 RN 506011 (5160 (1611 (2]
OIId 1T [160] (2011501 2211 1] ([
Total 659 143291.74

Appendix 10. ANOVA for Total soluble solids

Source of variation d.f S.S. m.s. V.I. F pr.

O T 10 Cd 0 (1] [(2ITII50 (RITI0500  [RTT] NN
Cr (110 (1100 500 (6(TI5(T]  [R0CM01)  [IIET] (20
RIS (1] [TTTTSCT] [(TTTISC)  [CIII5 UM
0000 EN pARRIINN 20010 220 RIEN
O CI T 10 Cd OO (T (1] (11601 1601 120 (16501
Cir CTIT0 (O (T 50 (T20060] pARIIEN 20T (T T 1]
O 0 CA O 000 mN (161 (16011 (I (1]
Cr CTITD (T 000 500 (T2 (161 EINEN (T T T]
[T+ I 000 mN (6 (6 mN HIIEEN
O MmO (A O M o000 [T 1] EEIIEN 201 (1650T]
Cir (U0 (OO (T 50 (6T (T T (12207 (10517
COId T ~66[] (650 [T [
Total 395 43078.86 [ [
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Appendix 11. ANOVA for Total titratable acidity

Source of variation d.f. S.S. m.s. v.r. F pr.
O T Cd 00 (IOh201)  [III2(010 2[00 TTOSC LI
(e (1100 (1T 50 (T T 1T MOT110  [R26B0 OO0
RIS (1] (260 (2060 20 O
RN (1] CI50T6[ C(ISC060)  SC05000 (T
O CTIITI 1) C I (T mN 2120 MR0020 20300 OO0
Clr LTI LTI O 500 (50 (M2 11 20207 (5 0
O 0 LA 0w 000 mN [T T2[] mT20 55020 OO
Cir (110 (T 000 50 (T 1] (s O 2l
U [ [T OO0 (1] L6611 L6611 2001200 [
O I T 0 C O M 000 [0 (1B (117 CIOSrT 62 20
Cle LTI CETINITT (O T 50 (1250 CIIE6sSE) CII20 HIINEN
OId (T1 [T11] (1611 1] (IO [
Total 434 25.3513

Appendix 12. ANOVA for Vitamin C
Source of variation d.f. S.S. m.s. V.I. F pr.
O I 1 (AT 1 EIIEN HIIEN (I (T
Cle LTI LT 501 (IT12010 6111 T] 2001 O
RIS (1] C6M20] [6[M20] COMIT] [T
0000 T (B2 (IR0 RIT0 OO
O T Cd O 000 (1] [TTOIT] [TTITT] 6[111] LI TT]
Clr (110 (T () 500 [(RITT] 23617 EIEN 60T
O T 10 Cd O 000 (1] 2016011 2016011 (OO e
Cie LTI (T 00 501 (R2I5CT] 65011 2[5 (I T
O & [ 000 T 200 T] 200 T] EIEN (T 1]
O OO Cd O Mmm 000 10 (20 120 [T T] (T [
Cle LTI CT T O O] S50 221117 r15607 [16507 (el
OId (111 (15 (ITTIIs 0 2[00 (I
O [TTT] (TTT1260]
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Appendix 13. ANOVA for fructose

Source of variation d.f. S.S. m.s. v.r. F pr.
O T fd 0 (1] 2 [T 20000 HIIEEN
Che (T CTTT 50 261111 521111 201 HIEEN
(O G (00 1 EEERINN (LI 6L O
oaog (1] 2001120 2001120 (T HIIEEN
O T 10 Cd CI T (O 1 [66(11] 6611 50 (250
Cor CLITT T (T 50 (1120 2201 21 (IO LT
O O O Cd (O 000 mN (5 (1] (5 [ (L1 (IO L]
Che (LT C T IO 50 (160 EERIIN 260 (11260
U (I D00 L] 550 550111 (I (IO
O O O mMmmood. 0 SO SCIIIT 1601 L6
Cr (LI T (T (I 50 HEEEIN 26211 6 (IO
O1d (11 (I11] 2T (211 [
Total 434 131733.7

Appendix 14. ANOVA for glucose
Source of variation d.f. S.S. m.s. V.I. F priJ
O T 10 Cd 0 (1] (26050 (26050 (II20 (IO
Cle LTI LT 50 1160 [(TTTT] ST WA
HINEN (1] (1160 (1160 (T 1] (IO TT]
0 (I (1] (61 (61 5601 (IO
OO T Cd Om o000 (1] 2050 2050 (I (IO
Cir LTI CTT 00 50 201601 (1507 [12[1] RNIBIN
O OO T Cd O (I (1] 6111 6111 150 L5501
Cr (11 T[T 500 20111 [TTT1T] (I (152017
U OO Ly T T (1] 52111 52111 (] [ISCTTY
O O T O Cd O 000 0. 0 650 650 (I (IO
Cor LTI CTTI I [T 50 COLIT] (211 (T 1] (6T
OId (1111 120 61211 50 (m
Total 431 762042
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